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ABSTRACT
This document presents the first quarterly reporting period results and
status of work performed under Contract NAS8-27419, "Design and
Development of Pressure and Repressurization Purge System for Re-
usable Space Shuttle Multilayer Insulation Systems. " Preliminary design
and analysis of purge system concepts and purge subsystem approaches
are defined and evaluated. Acceptable purge subsystem approaches were
combined into four predesign layouts which are presented for comparison
and evaluation. Two predesigns were selected for further detailed design
and evaluation for eventual selection of the "best " design for a full scale
test configuration. An Operation Plan is included as an appendix for
reference to shuttle oriented operational parameters.
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This report describes the work done by the Convair Aerospace Division of
General Dynamics on Contract NAS8-27419 during the period 1 July 1971
to 30 September 1971. The work was administered under the technical
direction of Mr. J. Walters, S&E-ASTN-ESV, of the George C. Marshall
Space Flight Center.
In addition to the project leader Mr. A. B. Walburn, the following Convair
Aerospace personnel were major contributors to the study.
R. Adsit
J. Bodle
J. Dyer
N. Frederick
B. Ganoe
R. Jennings
R. Richards
L. Siden
Materials Research
Design
Stress Analysis
Manufacturing Research
Engineering Test
Thermodynamic s
Design
Design
v
TS PAGE 6
TABLE OF CONTENTS
Page
LIST OF ILLUSTRATIONS ...................... ix
LIST OF TABLES . ......................... xi
SUMMARY ...................................... xiii
1 INTRODUCTION ..-.......... .................. 1-1
2 LITERATURE SURVEY (TASK 1) ................... 2-1
3 PURGE SYSTEM CONCEPTS (TASK 2) ................ 3-1
3.1 ENCLOSURE WALL MATERIAL EVALUATION -.. .3-1
3.1.1 Materials Investigation .................... 3-1
3.1.2 Materials Screening Analysis ................ 3-5
3.2 ENCLOSURE STRUCTURAL APPROACH ....... 3-6
3.2.1 Structural Investigations ................... 3-9
3.2.2 Structural Analysis Conclusions ............. 3-11
3.3 PURGING EVALUATION ................. 3-11
3.3.1 Candidate Purging Approaches .............. 3-11
3.3.2 MLI Purging Analysis . . ............... 3-15
3.3.3 Purging Analysis Mathematical Procedures ... . 3-15
3.3.4 Analytical Model Description ................ 3-16
3.3.5 Analytical Results .................. .... 3-18
3.3.6 MLI Purging Test Data/Analysis Correlation ..... 3-18
3.3.7 Purging Conclusions and Recommendations ...... 3-23
3.4 MLI VENTING ANALYSIS ................. 3-27
3.4.1 Venting Analytical Techniques ............... 3-27
3.4.2 Description of MLI Venting Analytical Model .* - ... 3-31
3.4.3 Analytical Results ....................... 3-32
3.4.4 Venting Analysis Conclusions and
Recommendations ...................... 3-38
3.5 THERMAL ANALYSIS .................... 3-38
3.5.1 Thermal Analysis Approach ................ 3-38
3.5.2 Thermal Model Description ........ ..... 3-39
3.5.3 Thermal Analysis Results ................... 3-42
3.5.4 Conclusions and Recommendations ........... 3-46
3.6 PRESSURIZATION AND PURGE CONTROL
SYSTEM ................ 
........... 354
3.6.1 Subsystem Definition and Evaluation . 3-54
3.6.2 Design Concepts *-.----... 
-'3-67
3.6.3 Conclusions and Recommendations ......... 3-88
vii
TABLE OF CONTENTS (Cont'd)
Page
PURGE ENCLOSURE PROFILE FOR
DESIGN TRADE-OFFS AND TEST ARTICLE
ENCLOSURE PREDESIGNS ..............
Design Approaches ...................
Design Selection ....................
4. COMPONENT AND MATERIALS EVALUATION
(TASK 3) ...........................
. 3-88
. . 3-90
. 3-91
- 3-104
· · 4-1
TASK SPECIMENS ...................... 4-1
TEST SEQUENCE ...................... 4-1
TEST RESULTS ........................ 4-1
CONCLUSIONS AND RECOMMENDATIONS .- -. - 4-5
APPENDIX A - REQUIREMENTS DOCUMENT ............. A-1
REFERENCES ...... ........ .................... A-41
viii
3.7
3.8
3.8.1
3.8.2
4.1
4.2
4.3
4.4
LIST OF ILLUSTRATIONS
Figure
1
2
3
4
Program Master Schedule.
Typical MLI Purge and Repressurization System ......
Purge System Concepts Analysis .................
Property Data Summary for Enclosure Wall Material
E valuation .............................
Page
1-5
1-6
3-2
3-4
5 Characteristics Data for Enclosure Wall Material
Evaluation ................................ 3-7
6 Summary for Enclosure Structure Screening
Evaluation ................................ 3-8
7 Summary for Purge Gas Distribution Screening
Evaluation · ............................... 3-13
8 M LI Purging Analytical Models .................. 3-17
9 Helium Edge Diffusion Into Nitrogen Filled MLI -
28 cm (11 in. ) Gore Half Width ................... 3-19
10 Predicted Helium Purging Times for Nitrogen
Filled MLI (Superfloc) Gas Injection at End of
Blanket .................................. 3-20
11 Predicted Helium Purging Times for Nitrogen
Filled MLI (Superfloc) Gas Injection at End of
Blanket .................................. 3-21
12 Helium Purging of Nitrogen Filled MLI (Superfloc)
Gas Injection Through Purge Pins ................. 3-22
13 Comparison of Purge Test Calibration Run Data
With Predicted Values ........................ 3-24
14 Test Correlation for Nitrogen Filled MLI (Superfloc)
Gas Injection at End of Blanket .................... 3-25
15 Test Correlation for Nitrogen Filled MLI (Superfloc)
Gas Injection- at End of Blanket ................... 3-26
16 Representative MLI Venting Model ....... ....... 3-32
17 Outgassing Rate for Double-Aluminized Mylar ........ 3-33
18 MLI Predicted Venting Times ................... 3-34
19 MLI Predicted Venting Times ................... 3-35
ix
LIST OF ILLUSTRATIONS, Contd.
MLI Predicted Venting Times ..................
MLI Predicted Venting Times ..................
Purge Bag Thermal Model .....................
Comparison of Thermal Conductivities of Selected
Foam Substrates ...........................
24 Predicted Purge Bag
25 Predicted Purge Bag
26 Purge Bag Predicted
27 Predicted Purge Bag
28 Predicted Purge Bag
29 Predicted Purge Bag
30 Predicted Purge Bag
31 Predicted Purge Bag
32 Predicted Purge Bag
and Purge Gas Temperatures .
and Purge Gas Temperatures
Ice Thickness ...............
and Purge Gas Temperatures
and Purge Gas Temperatures ....
and Purge Gas Temperatures
and Purge Gas Temperatures ....
and Purge Gas Temperatures
and Purge Gas Temperatures ...
33 Comparison of Thermal Gradients Through MLI -
Foam Substrate ... .................
34 Airborne Vent and Repressurization Subsystems ......
35 Gas Storage Subsystem .
36 Gas Feed Subsystem 
37 Supply Flow Control Subsystem .
38 Bleed Flow Control Subsystem ..................
39 Concept 1. Electrically Operated Purge, Pressure,
and Repressurization Control System ..............
40 Concept 1. Control Logic .
41 Concept 2. Electrically Activated Pressure Operated
Purge, Pressure and Repressurization Control System 
42 Concept 2. Control Logic 
43 Concept 1. Electrically Operated Purge, Pressure
and Repressurization Control System Evaluation ......
3-43
3-44
3-45
3-47
3-48
3-49
3-50
3-51
3-52
3-53
3-54
3-55
3-57
3-58
3-62
3-69
3-70
3-71
3-72
3-86
x
Figure
20
21
22
23
Page
3-36
3-37
3-40
3-41
LIST OF ILLUSTRATIONS, Contd
Figure Page
44 Concept 2. Electrically Activated Pressure Operated
Purge, Pressure and Repressurization Control System
Evaluation ................................ 3-87
45 Space Shuttle Orbiter "OMS" Tank Profiles .......... 3-88
46 GD/CA Test Profile ................ ........ 3-89
47 Enclosure Layout/Flexible Type .. 3-92
48 Purge Enclosure Weight Estimate (Flight Type Design
Using Test Article) ....... ................... 3-93
49 Enclosure Layout/Flexible Type ................. 3-95
50 Purge Enclosure Weight Estimate ................ 3-96
51 Enclosure Layout/Al Aly Skin . ................ 3-97
52 Al Aly Purge Enclosure Weight Estimate ............ 3-99
53 Enclosure Layout/Semi-Rigid Titanium Girth Ring
With Flexible Plastic Bag ..................... 3-100
54 Purge Enclosure Weight Estimate .............. · · 3-101
55 Rationale Summary for Enclosure Predesign Evaluation'* 3-102
56 Load/Deflection Curves ............ .4-2
57 Load/Deflection Curves ....................... 4-3
TABLES
1 Candidate Component Categories ................. 2-2
2 Results of Purge Bag Wall Material Structural Tests . . 4-4
xi
PRECMD-NG PAGCE BLANK NOT FELMED
SUMMARY
Results are presented for the work accomplished during the first quarterly reporting
period under Contract NAS8-27419, "Design and Development of Pressure and
Repressurization Purge System for Reusable Space Shuttle Multilayer Insulation
Systems. " Work was initiated on Task 1, a literature survey of material properties
and pertinent available hardware for use on the pressure and repressurization purge
system. The results of the survey are incomplete and documentation will be included
in the next quarterly report.
Task 2, the definition and preliminary design analysis of purge system concepts, has
been completed. The design requirements for the purge system including a complete
operations plan were established.
The purge system was subdivided into areas of concern (subsystems) based upon
possible manufacturing, operational, and/or procedural problems. The subsystems
selected were: materials, structural arrangement, MLI purging, MLI venting, and
MLI repressurization and purge control. Candidate approaches were selected and
evaluation criteria were established for each subsystem. Typical evaluation criteria
included such items as subsystem unit weight, complexity, permeability, thermal
characteristics, etc. Candidate approaches for each subsystem were analyzed to
eliminate those which were least applicable or unsatisfactory for shuttle system
usage.
The following conclusions resulted from the subsystem analyses:
1. The purge bag materials which were deemed applicable for use on the full
scale test system were aluminum alloy monocoque skin, epoxy pre-preg
181 glass cloth with FEP laminated skins, and a plain epoxy pre-preg
fiberglass combination.
2. The structural approach analysis showed that a stiffened structure (in both
metallic and non-metallic materials) is undesirable for the purge bag
design.
3. The purging analysis showed that gas displacement procedures provide the
greatest assurance of purging the MLI within the allotted time and with the
least amount of helium. The analysis did not indicate a distinct advantage
between the MLI blanket end gas injection or purge pin gas injection
procedures. Thus, purge pin gas injection tests will be conducted to
provide comparative data with existing end gas injection test data.
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4. The venting analysis showed that there is a very strong relationship between
the layer density of the MLI and the ability of the system to vent down to
ambient pressure following boost to orbit. For the low layer density
Superfloc insulation, 11.8 layers/cm (30 layers/inch) interstitial gas
pressure decays to 10- 4 torr within 300 seconds after liftoff. For a high
layer density MLI, 41 layers/cm (104 layers/inch), approximately one
hour is required to achieve the same pressure.
5. Analytical predictions show that the use of a single vent valve is adequate
for the Superfloc MLI venting requirement.
6. Both electrically and pneumatically operated control systems were
examined. Analysis does not clearly indicate a best approach. Both
systems will thus be examined further during the detailed design phase
of the study. An approach will be selected based upon a complete system
performance analysis.
7. The purge bag thermal analysis indicated that a slight amount of icing
(- 0. 005 cm) will occur on the purge bag during reentry under worst
case design conditions of atmospheric temperature and relative humidity.
The acceptable approaches within each subsystem were combined into four predesign
concepts of the pressure and repressurization purge system for more detailed
evaluation and selection of a concept for full scale testing. Three of the designs
utilized the FEP-fiberglass laminate material while the fourth used a 2219 aluminum
alloy skin. The predesign configurations were evaluated based upon total system
weight, complexity, vehicle adaptability, maintainability and profile stability. In all
cases, the aluminum bag design ranked below non-metallic designs and was accord-
ingly eliminated from further consideration. The major difference between the three
fiberglass wall designs is that two configurations utilize a girth ring at the bag
midpoint to partially carry the support loads, while the third design uses tubular
support members which penetrate the bag and are sealed by the use of flexible
"boots."
On the basis of the design detail inherent in predesign type layout drawings, it was
not possible to select a "best" configuration for the full scale test article from the
remaining bag concepts. Detailed design layout drawings will be prepared for both
a girth ring and a penetrating strut bag concept to provide adequate data for concept
evaluation and test article selection.
Task 3, the component and material evaluation, was begun. Mechanical properties
data were obtained for two of the potential purge bag materials, FEP/fiberglass and
FEP/nylon laminates, from tensile tests at 450°K (350 0F). The FEP/fiberglass
xiv
showed more than double the tensile strength and stiffness of the FEP/nylon material.
It was also determined that minimum gage for the FEP/fiberglass laminate should be
approximately .0448 cm (. 0176 in) to minimize tearing problems.
xv
1INTRODUCTION
The use of cryogens as fuel for spacecraft requires the incorporation of a thermal
protection system to minimize propellant heating and thus, increase propellant storage
capability. The high effectiveness of these protection systems is achieved by a
series of radiation shields of low emissivity which are separated by low heat conducting
spacers. Integration of such a multilayer insulation (MLI) system with vehicle tankage
offers an opportunity to optimize the total structural and thermal systems of the vehicle
from the standpoints of performance as well as manufacturability and maintenance.
The development of the MLI and its design is strongly dependent upon the environment
in which the system must function. In recent years much effort has been expended
toward the development of MLI materials and design concepts applicable to derivatives
of the Saturn V type space launch vehicles. These systems are characterized by single
usage and moderate temperature thermal environmental requirements.
Convair Aerospace has developed a complete cryogenic propellant space storage system
of Saturn V type. The system, developed under a division IRAD project, consists of
a 2.21 m (87 in) diameter oblate spheroid aluminum tank insulated with 44 layers (two
blankets) of Superfloc MLI and suspended by low-conductive fiberglass struts from an
enclosing shroud. The total system was designed to withstand the Saturn V launch
environment. A complete structural and thermal experimental program has verified
that the flightweight system will meet all ground hold, boost, and space storage
structural and thermal requirements.
Small-scale component and complete system tankage structural tests were conducted,
including vibration, thermal and structural cycling, acoustic, and rapid evacuation
tests. The tests were climaxed by a combined-environment (acceleration, vibration,
thermal gradient, and rapid depressurization) test of a complete blanket insulation
system on a 25 inch tank in the Convair Aerospace CE VAT centrifuge test facility.
The CEVAT test successfully scaled up insulation system stress levels from the full-
scale Saturn V vehicle to the small-size tank for the complete boost trajectory.
Visual inspection of the system after testing and pre-test and post-test space
equilibrium boiloff measurements indicated no insulation system damage caused by
the boost trajectory testing.
The complete, large-scale propellant space storage system was designed and built on
the basis of scale-model test program results. It was completely tested in the Convair
Aerospace 12 ft diameter space simulation chamber. Tests included ground MLI purge
system testing and heat leak studies, and space equilibrium thermal performance
testing. The pk product for this system at a temperature difference of 300° to 22°K
(5400 to 400R) is 1.5 W kg/m4 -°K (7. 8 Btu-lb/hr-ft4 °R).
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The present insulation system is made of aluminized Mylar, which Convair Aerospace
tests have shown to be unsatisfactory for the entry thermal environment of the Space
Shuttle. Convair Aerospace is now modifying the Superfloc MLI concept under MSFC
Contract NAS8-26129 to meet the life and environmental requirements of the shuttle
vehicle. This study has determined that the optimum MLI shield material is goldized
Kapton. Other structural modifications, including new blanket pin material, have been
made under the contract and a complete set of performance verification component
tests run to verify acceptability of the newly designed system for the shuttle.
Since the Mylar Superiloc MLI system cannot withstand shuttle environmental require-
ments, Convair Aerospace will design, fabricate, and install a completely new goldized
Kapton MLI system on the 2.21 m (87 in) test tank. The new MLI system will meet all
performance and structural requirements for Space Shuttle application, as defined by
the results of the Cryogenic Insulation Development effort, Contract NAS8-26129.
The new MLI system by itself, however, will not be sufficient to provide a completely
reusable propellant storage system for the Space Shuttle tankage. Because of the
requirement to withstand the reentry environment, the MLI must be repressurized
during entry to neutralize the crushing atmospheric pressure loads. In addition, the
MLI must be protected from repeated exposure to moisture from condensible gases
in the atmosphere. An additional system must thus be developed to provide for
ground purging of the MLI to remove condensible gases before cryogenic tanking,
venting of the MLI during boost and repressurization of the MLI during atmospheric
entry. With these functions added, the previously developed cryogenic space storage
system will be completely reusable for Space Shuttle type missions.
The objective of this program is the development of a purge/repressurization system for
a representative MLI system, suitable for 30 days storage of approximately 10, 000
gallons LH2 and 3700 gallons of LOX propellants and applicable to the Space Shuttle.
The development of the purge system includes survey and identification of existing
suitable materials and components, concept definition, material selection and
evaluation component tests, detail system design fabrication, installation and quality
plans, assembly, and demonstration testing of a purge/repressurization and MLI
system with cryogens. The purge/repressurization system referred to herein is
defined, but not inclusive, as a purge jacket, purging requirements, valves, ducting,
tubing, regulators, ground hold, and storage provisions, repressurization and
pressurization techniques, and requirements necessary for ground ascent, reentry,
and landing conditions.
The program will be accomplished by the performance of the following six major tasks:
TASK 1 - Literature Survey
Currently available literature, related to MLI material, property data,
evacuation values, repressurization and evacuation systems will be reviewed.
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The survey will determine the availability of all necessary flightworthy components
for the system. The findings of the survey will be documented.
TASK 2 - Purge System Concepts
Concepts for purge systems capable of evacuation, pressurization and
repressurization for a representative liquid hydrogen tankage onboard a space
vehicle during extended life cycle including multiple reuse will be defined.
TASK 3 - Component and Materials Evaluation
Exploratory data acquisition and design verification scale model thermal and
structural tests will be conducted on purge system components, valves, joints,
attachments and surface coatings to establish repeatability characteristics,
materials compatibility to cyclic temperature environments, abrasive resistance
of bag materials and/or coatings, and vent valve operations and seal character-
istics.
TASK 4 - Purge System Design
Based on data from Tasks 1 through 3, the purge, repressurization, preconditioning
and multilayer insulation systems will be selected and assembly and detail
drawings prepared. The design evolved will represent a total integrated system
design suitable for both the LOX/LH2 tanks on the Space Shuttle and flightworthy
in an environment up to 350°F.
Structural, weight, thermal, gas flow, and material analyses and tests will be
performed to assure system compatibility with expected Space Shuttle environments.
TASK 5 - Manufacturing Development
Assembly sequence drawing and drawings for all tooling and fixtures required to
fabricate the purge and repressurization system and the necessary provisions for
cross-country shipments will be established. A manufacturing plan, including
sequence, quality control and inspection provisions affecting the design for the
installation of the purge and repressurization system onto the Convair Aerospace
division 87 inch diameter tank, will be developed.
TASK 6 - Fabrication, Test and System Evaluation
A preconditioning, purge and repressurization system will be fabricated in
conjunction with a multilayer insulation concept as determined from the results
of Tasks 1 through 5. Documentation for instrumentation, installation, and
output location and function will be prepared and justified for the proposed tank
test of the total MLI system. A test plan will be formulated for the purge and
repressurization system to include the test specimen definition, instrumentation
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definition and requirements, and dataprocessing and correlation methods. A
functional test will be performed on the test specimen proposed in Task 4 to
demonstrate the total system's performance. The total system will be evaluated
and a test report prepared. The evaluation shall include the systems' perform-
ance, penalties, etc., and a summary of its compatibility with the Space Shuttle
environments.
Parallel to the accomplishment of Task 6 will be the performance of a complimentary
independent research and development (IRAD) task. This task will include the develop-
ment, fabrication, tankage installation and a base point performance test of a goldized
Kapton Superfioc MLI system beneath the purge bag enclosure of the pressure and
repressurization purge systemon the 2.21 meter (87 inch) diameter oblate spheroid
test tank.
The program master schedule is shown on Figure 1. An example of a typical MLI
purge and repressurization system concept is shown on Figure 2.
1-4
UUNIRAL DYNAMICS
Convair Division
REVISIONS:
FIGURE 1
PRESSURE AND REPRESSURIZATION PURGE SYSTEM 
FOR REUSABLE SPACE SHUTTLE MULTILAYER INSULATION I
PROGRAM MASTER SCHEDULE
DESCRIPTION 1
July
2
Al~g et.I 4O~ct. 5N4v. 6D;co 17J~n. I8F' 9.Mcr. lo10AIlr. 11May 12Juke 13July 14A4g. 15S pt. 16o0t. 17Ncv. 18D~E --1
11.1 Literature Survey
1.1.2 Purge System Concepts … 
1.1.2.1 Environmental Rgmts - --
1 1 .2.2 De.qign Concepts 
1 1.2.3 Prelimin ryPerform- - … 
ance Analysis
1.1.3 Component & Material
Evaluation
1.1.3.1 Component Test Selection _ 
1.1.3.2 Component Test Perf.
1.1.4 Purge Systemn esign -6 7
1.1.4.1 Teat Specimen Selection 
1 14_2 4 l- fi1I-)ignaqi
1.1.4.3 Performance Analysis
1 1 4.4 Reiaew nf .i~P=gn … 
1. 1.5 Manufacturing Development 8 9
1.1.5.1 ManufacturingPlan
1 1-52 ToolingandShipping
Requi ements
1.1.5.3 NASA Approval -
1.1.6 Fabrication, Test and 11
Svstem Evaluation I
-. , ----- -. - ,-. II
PF6cureG oldii
F/ahricra. nSule
7dA K annnn /
/ ! / F/ 'I/ I l/' / I /' / 
~~"~VJ- 7 / 7 ' / ' / / / f /7 / 'I I 'I I/ / I I7'I 1'1 'I I - -t I I I I I trfline / / /
/
/
/
/
f
/
/
/ /
/ (
/
Aabr ate MI Bla ets / I 1 / I 7 / I / 1 / I 4 . .1. I z I / I z I I/ I I/ I / I
/ Tns tl1 'MT.L/Alank1dt /
1 1 A 1 Fnhrinntion of Pure SVST
1 . A T9 P_0 a Pl nti n
1. 1.6.3 Exoerimental Evaluation
/ /. / /. /. / / /
/
/
/ /
/
/
/
/
I--
/
/
/
/
/
/
-..--- _ , _ _ _ _ _ _ _ _ _ _ I- I I I I _ __-T
/
/
/
/
/
/
/
/
/
/
/
/
/
At
4
I I I I I I I I I I I1 I- -I II 1 I I I I I I
MILE STONES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
Document Literature Survey
Conceptual Design Review
NASA Approval
Component Test Plan
NASA Approval
Purge System Design Review
NASA Approval
Mfg. and Tooling Plans
NASA Approval
System Test and Inst. Plan
NASA Approval
Completion Technical Effort
Submit Draft Final Report
NASA Approval
Distribute Final Report
O Monthly Reports
· Quarterly Reports
A Meetings at MSFC
* Meetings at GDCA
///IRAD Task
I I 11 Ii 1 1 I I I I 1 I I1 1 I 1I
Meetings 
Reporting F0 0 0il I O 0 _-I Oi _ _ 0… …… I
13 4
141
i
LEGEND ,6 SCHEDULED ACTION
* COMPLETED ACTION
i' TIME SPAN WITH PROGRESS
O.B.. .. FORECASTED CHANCE
1-5t* .. m* COMPLETED AHEAD OF SCHEDULE
4 , CONTINUOUS ACTION j
DATE:
PREP. BY:
APPVD. BY:
REF.:
5451-2 (10-66)
I
l
i I I a I i I· IIIIIII -, i iII I I
/ /ucbL . VyAJ vuJ 0 _ tt_ I v I i I _ i _ I
-: /Z I . = I IC I K 1 11 14 1 1 1 1 I I I I I I 'I I I I I I I I
,L . I - tI rv. . . of Puv .. I..I..I vi - I . II-I i I
n,,_:I I - - I I' _ F _T.1.l
T
1I
I
L
T
I
I
I
T
I
I
L
I
I
-L
I
I
II
I
b
T
I
I
I
I
/i
I
L
I
I
I
I
I
I
I
I
I
I
-I
11
j
I
I
I
-1
I
SE
/
VENT AND PRESSURIZATION CONTROLS
FAIRINGS WITH
PURGE PINS
SUPPORT
SHROUD
PURGE GAS
STORAGE
BOTTLE
i
L.
I
I 
0.6 -_
Figure 2. Typical MLI Purge and Repressurization System
VENT VALVE
M. L. I.
TEST TANK
SUPPORT
STRUTS AND
SEAL BOOTS
(6)
BAG
ENCLOSURE
FOLDOUT FRAME
I
I
F. 
1-6
I
I
2LITERATURE SURVEY (TASK 1)
The survey of literature concerning the pressure and repressurization purge system
for MLI involved both MLI material systems and related property data and potential
flightworthy hardware components. The material survey outlines the thermal and
structural properties of various MLIs. Also included are the properties of the MLI
such as the spacer material, polymeric films and adhesives as well as properties of
potential purge bag materials. The literature search for existing flight qualified hard-
ware that might be acceptable for use on the pressure and repressurization purge sys-
tem includes eight categories of candidate components. The results of both the material
and hardware data searches were being documented at the end of the first quarterly
reporting period and will be presented in the second quarterly report. The methodology
for the hardware search will be discussed below.
2.1 METHOD OF SEARCH
The hardware literature search was conducted utilizing the following information
sources:
a. Interagency Data Exchange Program (IDEP) Report Listings
b. Government-Interagency Data Exchange Program (GIDEP) Report Listings
c. Scientific and Technical Aerospace Reports (STAR)
d. Confidential Scientific and Technical Aerospace Reports (CSTAR)
e. International Aerospace Abstracts (IAA)
Data obtained by the search from the above sources includes a brief description of an
existing part and specifies the part manufacturer. Acceptable manufacturers have
been contacted and requests made for data sheets of selected parts.
2.2 RESULTS OF SEARCH
Vendor data are being tabulated on high pressure gas containers, regulators, relief
valve disconnects, shutoff valves, and differential pressure switches and transducers.
Data which are tabulated include vendor name, address and telephone number; type of
part; part number; operational and physical characteristics and flight application. A
summary of hardware categories and manufacturers is included in the following table.
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Table 1. Candidate Component Categories
No. of No. of No. of Mfrs.
Mfrs. Mfrs. Sending
Category Considered Contacted Data
1. High Pressure Gas Containers 5 4 3
2. Pressure Regulating Valves 13 . 13 5
3. Relief Valves 37 31 4
4. Solenoid Valves (N/C) 16 11 4
5. Motorized Butterfly Valves 5 5 4
6. AP Pressure Transducers 15 4 3
7. Pressure Switches 7 7 3
8. Disconnects 8 7 4
At the completion of the first quarterly period, this task was 85% complete.
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3PURGE SYSTEM CONCEPTS (TASK 2)
An optimum pressure and repressurization purge system concept can only be
selected after a complete screening analysis has been made of all reasonable
potential approaches. To accomplish this screening analysis the overall system
was subdivided into its major component subsystems. The subsystems which were
selected for detailed analysis and screening were: purge bag materials, bag
structural arrangement, purging, venting and pressurization and control. The
approach used during the system concept selection phase of the study involved;
(a) the identification of potential subsystem approaches, (b) the screening of
approaches to identify those deemed most feasible, (c) the development of complete
system predesign layouts, (d) the analysis of the complete system predesigns and
(e) the selection of a recommended pressure and repressurization purge system
concept for detailed design fabrication and testing. A representation of the
selection approach is shown in Figure 3.
3.1 ENCLOSURE WALL MATERIAL EVALUATION
The purge enclosure consists of a lightweight bag (completely surrounding the MLI)
and containing helium gas. The gas pressure is controlled at a nominal operating
range between 689 N/M2 (. 1 lb/in 2) to 3340 N/M 2 (.5 lb/in2 ) or at conditions of
complete venting to vacuum. The enclosure must withstand a maximum temperature
condition of 4500 K (3500 F) while subject to the internal pressure, inertia loads,
acoustical pressures and vibrations for 100 Shuttle flights. Susceptibility to mainten-
ance and resistance to possible abuses from ground support activities (including stay
times to 60 days) are also considerations. This dictates that the bag wall should be
a "forgiving material" with resistance to abuse. The material should have a
reasonable amount of stiffness to retain bag shape (while unpressurized) without
requiring extensive stiffening or standoff provisions for preventing contact with the
MLI. The material should also have low values for density, permeability, moisture
absorption, and sublimation. Low cost tooling for manufacturing, simple fabrication
procedures, adaptability to repairs by simple portable techniques and a surface finish
that will adhere to film coatings are all desirable material features. Strength
properties in some cases appear to be of secondary importance since minimum gage
conditions exist.
3.1.1 MATERIALS INVESTIGATIONS. Under the cryogenic insulation development
program conducted by GD/CA for NASA (Contract No. NAS8-26129) the following
material combinations were identified as potential purge bag materials and preliminary
suitability investigations conducted.
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1. Pyre - M.L./Beta glass cloth
2. Tedlar/Nylon
3. FEP/Glass fabric
4. FE P/Nylon
5. FE P/Glass/Nylon
In addition to the above materials, polyimide fiberglass and plain epoxy fiberglass
materials were added to those under consideration as purge bag materials. A
summary of materials properties for evaluation is shown in Figure 4 for the
candidate materials.
The Pyre - M.L./Beta glass combination was developed for use as MLI face sheets.
It was made by applying the glass scrim over a mold, spray coating with a Pyre - M. L.
resin and followed by a curing process. The result is a square weave pattern of .0457
cm (. 018 in) diameter glass threads spaced at approximately seven per inch and
integrally bonded with a . 004 inch gage Pyre - M. L. film. The manufacturing details
are given in Reference 1. The 1. 88 kg/cm (10.5 lb/in) ultimate strength value shown
in Reference 1 is satisfactory for MLI face sheet applications. The material exhibits
brittleness if severely deflected, however this characteristic is acceptable for MLI
blanket use due to low deflections, no sealing requirements and the protection offered
by the external enclosure wall. When applying this combination as a gas tight bag wall
material, it would be required to use a close weave glass cloth coupled with a post
heat treating process for increasing the strength and reducing the brittleness under
severe deflections. The strength and weight values shown in Figure 4 are estimated
for an enclosure application using the values given in the above report as a baseline.
The primary advantages of this composite are low weight, low cost tooling and
adaptability to single piece construction of large enclosure sections. Disadvantages
are relatively high permeability, the requirement to use heavier wall gages to
compensate for the lower strength and the additional development necessary to obtain
a material compatible with purge bag requirements.
The aft bulkhead of the LO2 tank on the Centaur vehicle is equipped with a radiation
shield consisting of poly vinyl fluoride (PVF or "TEDLAR"), nylon scrim, and
aluminized mylar integrally bonded to form a .0304 cm (. 012 in) wall. This composite
was considered for enclosure material due to its flexibility, low weight, resistance to
punctures and tears and acceptability to patching by simple methods. The candidate
was deleted however due to high moisture absorption, and structural degradation
when exposed to the design temperature, and does not appear in the detailed materials
analysis.
A second possibility (Case 2) is a metal balloon type enclosure using 2219 aluminum
alloy skins. The material has extremely low permeability, high stiffness and no
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* "Quartz-Polyimide processing for Adv. Rad(
2-70. Also Hexcel Literature "Impreg. Mad
** MIL Handbook MIL-HDBK-5A, 2-68, "Metalli
pgs 3.2.25.0(b) & 3.2.25.3. l1(a).
*** Face sheet matl. developed for the MLI unde
Quarterly Rpt). For bag application, the wei
**** Cryogenic Insulation Development Fourth Qu;
***** Tables 12.6a & 12.6b Aerospace Component
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mes," GDC Tech. Paper by L. C. May and J. Hertz,
s" D.B. #122 & 123 for F173 & 174 Polyimides.
c Matls & Elements for Aerospace Vehicle Structures, "
r Cont. NAS8-26129; GDCA Rpt 584-4-568, pg 2-40 (2nd
Yht is increased due to smaller weave in glass fabric.
rterly Rpt, GDC 584-4-658, pg 3-31, NAS8-26129.
Designers Handbook, Vol. II, Rev. "D," RPL-TOR-64-25
* The 37. 2MN/m2 (5400 lb/in2 ) tensile strength shown for Case 1 is estimated from the 4.77 kg
(10.5 lb) ultimate test load shown on pg 2-90 (Table 6) of the 2nd Qtrly Progress Rpt No. GDC
584-4-568 (NAS8-26129) using a glass weave of 21 strands per inch instead of the 7 used in the
test specimen. For design purposes, a68.95MN/m2 (10,000 psi) ultimate design load has been
established, therefore the unit weight is increased to compensate for the low tensile strength
shown. Weight for a 21 strand weave is .264kg/m2 (.054#/ft2 ). Weight for a stronger weave =
.264 x 10,000/5400 = .49 kg/m2 or .10 lb/ft2 . A similar adjustment was made for Case 4.
Previous weight value for Case 4was .588 kg/m2 (. 1201lb/ft 2 )based on a .019 gage test coupon.
* Per GDCA Spec. 0-73009E Class I Type "A. " Max. Oper. Temp. for Class I is 4250 K (300TF)
and for Class II 540°K (500°F). Type "A" is for general structural purposes (Page 1).
Figure 4. Property Data Summary for Enclosure Wall Material Evaluation $ FCi"OlUT FRAME A
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Related to Bag Internal PreEsure Moisture Can "Gas Out" Related to Shape Retaining 1 to 1 Trade-Off With Affects Gas Consumption, Storage
Capability Which Degrades Insulation and Bag Dimensional Changes Payload Weight Penalties and Ground
Performance When Pressurized Boiloff
Ultimate Tensile Strength Moisture Absorption Stiffness. Young's Modulus Unit Weight Permeability
Configuration at 450°K (3;500F) (%) in 24 Hours at 4500K (350°F)
___- Pyre - M.L. 37.2 MN/nm2 (5400 lb/in2 ) *** · .20 21,400 MN/m2 .49 kg/m2 (.100 lb/ft2 ) .215 scc/sec/m2 . Same as Case(10.5 lb Ult. Load Acting on seven Pyre-M. L. is DuPont's (3.1 x 106 psi) 5 Due to Use of Polyimide Resin.
Beta Glass .018" dia 4bers and .004 in. ga. Trade Name for Polyimide Estimated
Case 1 Pyre M. L. Film)
..... Al ly Monocoque 276 MN/m (40,000 psi) ** 0 72,500 MN/m 2 ** 1.06 kg/m 2 (.216 lb/ft2 ) 5.1 x 10
- 7 scc/sec/m2
7L Skin (2219-T62) (8.0 x 106 psi) .0381 cm (.015 in) min.ga. for H2 Gas
Case 2
-FEP Glass Fiber 106 MN/min (15,416 psi) avg. .001 4800 MN/m2 .688 kg/m2 (. 141 lb/ft2 ) 43.10 x 10- 5 scc/sec/m2 4.0x10- 5
xk AX t ' - Style 181 Values per GD/CA Tests TFE is . 001 to .005 (6.97 x 105 psi) **** scc/sec/ft2 ) Using Helium at 4250K
LFEP PrFEP is Less Than .001 Per GD/CA Tests .0432 cm (.017 in.) ga. (3000 F) ****
Case 3 1.2X 10-6 scc/sec/ft2 R. T.
,N-FEP 47.4 MN/ 2 (6,880 psi) Avg. .001 147.5 MN/m2 .853 kg/m2 (. 174 lb/ft2 ) 37.7 x 10-5 scc/sec/m2 (3.5x10-5
__Pre-Preg Values Per GD/CA Tests Nylon is 4.0 However, the (2.14 x 105 psi) **** | scc/sec/ft2) Using Helium at 4250 K
Fiber is Sandwiched Between Per GD/CA Tests .0432 cm (.01) ga (3000 F) ****
Case 4 Two Layers of FEP 3.9 x 10-6 scc/sec/ft2 @ R. T.
--Glass Fiber (Style 181) 311 MN/mr (45, 000 psi) at 540 0K .20 Per Pg 3-10 of Cryogenic 24,600 MN/m2 (3.56 x 106 .835 kg/m2 (.171 lb/ft2 ) .215 scc/sec/m2 . Can Vary From
Polyimide Pre-Preg (5000 F) Insul. Devel. 1st Qtrly Rpt psi) Average * 100 to 1000 Times The Value for
* 322 MN/ (46,600 psi) at R.T. GDC 584-4-545. FEP. 500 Was Used. Lay-up
Case 5 l l l ll_| May Require a Coating.
Epoxy Pre-Preg 193 MN/mr (28, 000 psi) .20 17,250 MN/m 2 (2.5x106 ) .835 kg/m2 (.171 lb/ft 2 ) .215 scc/sec/m2
0 Fiberglass Estimated From Table II of "Glasrin" Plast:c Age Sales Estimated From Table II of For .0432 cm (.017 in. )ga.
GD/CA Sp c. 0-73009 Inc. Properties Table Shows GD/CA Spec. 0-73009
Case 6 .05 to .25
I
moisture absorption. Weight penalties are present however, due to minimum gage
requirements.
Two layers of fluoroetheylene propylene ("FE P") bonded to a ply of epoxy pre-
impregnated glass fabric under a cure temperature of 410°K (275°F) at vacuum
conditions produces a wall material having low moisture absorption, low perme-
ability, a competitive density, and high resistance to puncturing and tearing. The
combination is shown as Case 3. The manufacturing details and results of
permeability tests are outlined in Reference 2. Tests for strength and stiffness
have been completed. The lower density combination (using nylon scrim) is shown
for Case 4 and was also tested. Both Cases 3 and 4 are repairable by room
temperature cured spot bond patching. Samples of the FE P/glass combination have
been manufactured in gages ranging from .0178 cm (.007 in) to .0432 cm (. 017 in).
Due to the type of service, a nominal minimum gage of .0432 cm (. 017 in) has been
chosen.
High strength properties at elevated temperatures, 535°K (5000 F), are available
using a style 181 glass fiber pre-preged with polyimide (Case 5). The combination
is basically the same as Case 1 except for the type of glass cloth and the curing
process which is conducted under high pressure and temperature conditions followed
by a post heat treating process. Disadvantages are increased weight, heat sources
required when locally patching, and high permeability. The latter may be minimized
by sealing the material with a silicone varnish film. Fabrication and tooling costs
are expected to be higher than that required for Cases 1, 3, 4 and 6.
Case 6 is an epoxy pre-preg fiberglass combination which has similar characteristics
to that shown for Case 5 except fabrication costs are lower. The material is available
as a Class I (420°K temperature limit), and Class II (535°K temperature limit) per
GD/CA Specification 0-73009E. Type I was chosen for the evaluation since the working
stresses in this application are low. Similar to other resins, various fabric styles
can be used such as 116, 120, 181, 183, and 143. The former four fabrics have
essentially the same mechanical properties. The latter style (143) yields substantially
higher values. Style 181 would probably be used in this application.
3.1.2 MATERIALS SCREENING ANALYSIS. A preliminary screening of the suggested
purge bag materials can be made based upon a review of the material property data
presented in Figure 4. Cases 3 and 4 (FEP/fiberglass and FEP/nylon) are very
similar materials in that they both utilize epoxy pre-preg fibers and are clad with
FEP to reduce the moisture absorption and permeability. A comparison of their other
important physical properties, however, shows the glass fiber material to be clearly
superior to the nylon reinforced material. Both ultimate tensile strength and stiffness
at elevated temperature are much higher for the glass reinforced material. This also
results in a distinct weight advantage for the fiberglass layup. On this basis, the
FE P/epoxy nylon material was eliminated from further consideration.
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A further screening of the materials can be made by examining subjectively those
important material characteristics which are not readily amenable to direct objective
analysis. These characteristics include complexity of tooling necessary, repair-
ability, fabricability, resistance to abuse and the current state of development of the
material for the purge bag application. An evaluation for each material is contained
on the summary chart of Figure 5. For the materials.still being considered for
potential bag usage, two show definite problem areas in the evaluation material
characteristics. These materials are Cases 1 and 5 which both utilize the polyimide
resin. Case 1 (Pyre - M. L. /Beta glass) was developed for an MLI blanket face sheet
application where the structural load level is low. For this application, additional
development would be necessary to decrease the spacing of the glass fibers and
improve the layup curing cycle to improve material strength and reduce the tendency
toward brittleness. Because of the additional development required to make the
material completely acceptable and its relatively poor resistance to abuse it was
dropped from further consideration.
The polyimide/fiberglass layup is a well developed material, and it is used in many
aerospace applications. The tooling and fabrication procedures needed to produce the
material are much more complex than the other materials considered, however. In
addition, on tank patching or repair of the material with a polyimide is difficult due
to the special curing required. For these reasons, the polyimide fiberglass layup
was also eliminated as a potential bag material. The remaining three materials, the
aluminum alloy skin, the FE P/epoxy fiberglass and the uncoated epoxy fiberglass
all appeared to be acceptable as bag materials and were carried into a bag structural
analysis for more detailed review.
3.2 ENCLOSURE STRUCTURAL APPROACH
The superinsulation lay-up is contained within the enclosure which provides a seal for
the conditioning purge gas and protection against mechanical damage. The enclosure
can take the form of a flexible bag, or a semi-rigid type envelope. The overall design
is influenced by the type of structural make up, therefore six approaches representing
flexible, stiff, and semi-rigid assemblies are presented in Figure 6 (Cases 1 through
6). To serve as a screening tool, a 228.6 cm (90 in) diameter spherical profile is
assumed. Material thicknesses used for most cases are minimum gage consistent
with fabrication, repairability, and resistance to general abuse.
Normally the internal bag pressure should exceed the external pressure, therefore,
to minimize weight a pressure stabilized type of container is considered. The degree
of rigidity is related to the space envelope, general ruggedness of the structure, and
dimensional changes of the profile when pressurized. If the stiffening members
protrude extensively from the surface, the envelope becomes less adaptable to the
Shuttle craft, but on the other hand offers an additional means of protection from
certain types of accidental damage related to service activities. If an approach is
taken where appreciable external loads are reacted, large weight penalties result.
3-6
Tooling Resistance to State of
Configuration Complexity Repairability Fabricability Abuse Development
#~ ---- Pyre ML/Beta
Glass G P G P P
Case 1
Al Aly Skin
F F F F G
Case 2
3~-f~j~T FE P/Epoxy
Fiberglass G G G F G
Case 3
- FE P/Epoxy Nylon
G G G G G
Case 4
i.-- Polyimide
Fiberglass P P P F G
Case 5
~ - Epoxy Fiberglass
G G G F G
Case 6
Ratings: G = Good, F = Fair, P = Poor
Figure 5. Characteristics Data for Enclosure Wall Material Evaluation
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* Material is epoxy pre-preg glass fib
Lay-up is permeable and therefore
** Resists gross inboard deflections du
Panels between stringers however a
Skin
Case 2
3r style 181, Class I Type "A."
ill require a seal coating.
e to stiffness of stringers.
re susceptable to punctures.
I I I |
1 to 1 Trade-Ofi With Payload
Affects Reliability,
and Maintenance
Fabrication
*** Good resistance to punctures and tears. Easily buckled however when
unpressurized.
**** Has more resistance to buckling (when unpressurized) than Case 3 but less than that for
the remaining cases. Susceptible to gross deformation of wires if severely impacted.
Can be Minimized With Development of
Techniaues
Weight (Comput! d) Complexity Maintainability Fabric ability
228 cm (90 in.) lia Spher. ProfileUsed Number of Parts Computed 1 Best, 5 Poor 1 Best, 5 Poor
1. 89 kg/m2 (0. 86#/ft2 ) 73 4 4
0. 432 cm (0.01 in. ) ga Used 20 Stiffeners Can be Repaired by Bond Patching. Requires Mfg. and Assembly of Many Parts Plus
1.57 cm (0.62 i .) Stiff Height 2 Shell Pieces Stiffeners Difficult to Repair if Buckled.** a Sealing Coat. Fair Susceptability to
10.16 cm (4.0 itl.) Grid Pattern 1 Seal Coating * Positive Inspection.
1.0 6 kg/m3 (0.0
0. 0381 cm (0.01
16 lb/ftz)
5 in.) Avg. Ga.
18
18 Gore Sections
2 ***
Smooth Surface Aids Repairs. Can Be
Locally Patched by Bond or Mech. Means.
Severe Dents Could be Difficult.
2
Requires Welding of Gores. One Piece Const.
C an be Difficult Due to Low Ga. Very E asy to
Inspect.
FE P/Glass 0.688 kg/m2 (0. 141 lb/ft2 ) 54 1 1
Scrim 0. 0432 cm (0.0 7 in.) Ga. 18 Gores With 3 Plys Each Repairable by R. T. Bond Patching. Good Easily Fabricated From Gores. Bonded Joints
Case 3 Resistance to Tearing and Punctures. or as Single Piece. Fairly Easy to Inspect.
Stiffened Al Aly 1.465 kg/m2 (0. 30 lb/ft2 ) 90 3 4
Skin (2219) 0. 0381 cm (0. 015 in.) ga. 72 Stiffeners Resists Gross Buckling When Unpressur- Difficult due to Numerous Low Gage Parts and
10.16 cm (4. 0 it.) Grid Pattern 18 Skin Gores ized. Repair by Bond or Mechanical Welds. Fair Susceptability to Inspection.
Case 4 1.02 cm (0.40 in.) Stiff Height Means. Stiff Can Make Repairs Difficult.
FE P With Cres 0.69 kg/m2 (0.14 lb/ft 2 ) 286 4 3
Wire Mesh 0.0508 cm (0.020 in.) Wire Dia. 282 Wire Hoops FE P Skin is Repairable by R.T. Bond Difficult Single Piece-Const. Reqd. to Provide
0.025 cm (0.010 in. ) Total FE P Ga. 4 FE P Sheets Patching. Wire Deformation and Continuity in the Mesh Pattern. Not Susceptible
Case 5 2.54 cm (1.0 in.) Grid Pattern Fractures are Difficult to Repair. **** to Easy Inspection Due to Wire Elements.
FE P/FG 1.6 kg/m2 (0. 3 2i5 lb/ft2 ) 286 5 5
Honeycomb 0.025 cm (0. 010 in.) Skins & FG Cells 282 Core Ribbons Repairs Difficult Due to Twin Skin & Core. Very Difficult Due to Core/Skin.Construction.
Sandwich 1.27 cm (0.50 it ) Sandwich Ga. 4 FE P Sheets Good Buckling Resistance When Unpressur- Very Difficult to Inspect.
2.54 cm (1.0 in.) Honeycomb Cells ized. Any Gross Buckling Would Require
Case 6 Removal From Tank.
Figure 6. Summary for Enclosure Structure Screening Evaluation
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It therefore appears feasible to select combinations which depend primarily upon
pressure stabilization coupled with a moderate degree of stiffness for maintaining
the profiles during unpressurized modes.
3.2.1 STRUCTURAL INVESTIGATIONS. The designs presented are the stiffened
fiberglass shell (Case i); aluminum alloy monocoque. skin (Case 2); unstiffened
fiberglass reinforced FEP (Case 3); aluminum alloy (stiffened) Case 4; wire mesh
reinforced FEP (Case 5); and FEP/fiberglass sandwich construction (Case 6).
The criteria used for screening the six structural concepts are weight, complexity,
maintainability, and fabricability. The weight is a computed quantity based upon
design and material. The values shown for complexity are obtained by calculating
the number of basic parts in the total assembly. Maintainability and fabricability
are assigned numbers selected from a subjective ranking scale of 1 to 5. A selection
of a number on this scale is based upon shop capabilities and engineering judgments
relating to similar designs. A detailed explanation for each quantity assigned in the
evaluation matrix is included.
Case 1 semi-rigid design uses a fiberglass epoxy pre-preg shell equipped with hat
type stiffeners bonded to the outboard surface and located in the meridian and hoop
planes. The configuration offers fair resistance to local manual type loads (such as
foot and hand pressures, striking with tools, etc.) and retains its shape in the
absence of internal pressure. However, weight, complexity and fabricability
penalties are increased due to numerous parts. The unit can be repaired without
complete removal providing the damage is limited to relatively small areas (using
bond patches on the skin areas between stiffeners) and with no gross deformations
of the stiffeners.
Case 2 uses a plain aluminum alloy skin with no stiffening. The design depends
somewhat on internal pressure for rigidity but also has some shape retaining
qualities due to the high Young's Modulus property when compared to plastics.
General simplicity, high strength, and stiffness are the prime advantages. When
concerning fabricability, low gages are involved which require careful forming and
welding procedures whether using single piece hemispheres or the gore section
approach. Inspection is simplified due to the single skin wall.
Maintainability of an aluminum skin can be more difficult when comparing to a
nonmetallic wall. If the enclosure is locally loaded (in the absence of internal
pressure), sharp dent like impressions could be formed with resultant fringe
deformations over a large area. Part of the deformation could be removed by
pressurizing, however, any remaining deep creases which endangers the insulation
would have to be removed and replaced with a patch section using a gasket and
blind rivets; bonding or a combination of both. The aluminum alloy wall therefore
appears to have good resistance to abrasions and denting (if pressurized) but if
damage does occur, causing local stretching, repair becomes more difficult than
with a nonmetallic wall.
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Case 3 is a single wall construction consisting of FE P integrally bonded with a glass
cloth scrim. GD/CA is currently developing this combination under Contract NAS8-
26129. The composite offers simplicity with good resistance to abrasions, tears and
creasing at a weight below most of the competitive cases. Repairs are made by bond
patching with "Epon" 934 @ room temperature. The enclosure can be fabricated from
gore sections using lap or butt type seams with back up strips. The gore joints offer
an increase in shape retention due to the material build up at the seams. Single piece
construction (such as hemispherical sections) is possible but is expected to be more
difficult than the multiple piece approach.
Basically Case 3 is a stiff balloon and therefore offers little resistance to external
loads when unpressurized, however the flexibility and smooth soap like surface
finish tends to minimize damage to the insulation. If the wall is locally impacted with
a tool, the resultant impression (which could contact the insulation) does not generate
sharp creases or cutting edges. Should an external uniform pressure be accidently
applied, the membrane would tend to fold around the insulation lay-up and be
recoverable when internally pressurized without premanent deformations. Stiffened
enclosures on the other hand (Cases 1, 4 and 6) offer more resistance to external
loads but could continue to contact the insulation (even under re-pressurization)
should a stiffener be severely fractured or deformed.
Case 4 uses an aluminum alloy skin rigidized with a system of angle or Z type
stiffeners located in the hoop and meridian planes. Advantages are good shape
retaining while unpressurized and resistance to local loads. Numerous low gage
parts augment manufacturing difficulties and general complexity. The design is
somewhat repairable by local patching providing the stiffeners are not grossly
damaged.
In Case 5 the enclosure is partially rigidized by integrally bonding a CRES wire mesh
between two plys of FE P. The enclosure is capable of retaining its shape while
unpressurized but is subject to permanent set if the wire mesh is deformed. The
FE P is repairable by patch bonding, however, if the mesh is severely disturbed,
the procedures can become difficult especially if the wire strands are broken.
Also any protruding metal strands can easily damage the superinsulation blankets.
Although the structure is basically a single reinforced wall, the complexity factor
is high due to numerous wire elements and special provision required at the girth
and major interface areas for accommodating the terminal ends of the mesh.
Two FE P skins bonded to a fiberglass honeycomb core are employed in Case 6. The
inner FEP skin serves as a seal and structural member. The outer skin is perforated
to allow core venting and therefore serves as a structural member only. Good shape
retention is the asset of this case. Disadvantages are complexity, weight penalties,
difficult maintenance and fabricability; and practially no shape recovery if grossly
deflected.
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3.2.2 STRUCTURAL ANALYSIS CONCLUSIONS. Shells with extensive stiffening
systems such as shown in Cases 1, 4, 5 and 6 were not considered for further analysis
due to weight penalties, structural complexities, maintenance problems and fabrication
difficulties. The weights for stiffened shells for example, average 1. 16 kg/m2
compared to approximately . 88 kg/m2 for the unstiffened approach. The quantity of
parts (which is related to complexity) is also consistently greater for the stiffened
shells which in turn contributes to the penalties in the maintenance and fabrication
areas. The average quantity of parts for those cases with external stiffeners only is
81 compared to 36 for the non rigid designs. Parts quantities for the integral
stiffened cases (wire mesh and honeycomb types) are 286.
The use of the aluminum alloy skin shown in Case 2 was retained for the preliminary
design activities. The proven material properties and manufacturing experiences
with aluminum alloys places Case 2 in a competitive position. The high strength and
stiffness values for aluminum alloys permits the use of gages below the minimum for
nonmetallic materials which accounts for the competitive position in the weight column.
The quantity of parts is also minimized due to the monocoque wall. Fabrication and
maintainability are degraded for Case 2 due to the low gages, tooling requirements,
and the tendency for metal skins to stretch beyond the elastic limit if severely damaged.
A second candidate retained for preliminary design use is Case 3 which uses the FEP/
fiberglass composite wall. This combination offers weight advantages (. 68 kg/m2 )
compared to 1.1 kg/m2 for aluminum) while maintaining favorable ratings in the
complexity, maintenance and fabrication areas. The increase in the quantity of parts
when compared to the aluminum alloy is primarily due to the material plys used in
the basic wall. The design can be easily patched at room temperature conditions
even if subject to severe deformations. Compared to aluminum, fabrication is
simplified due to simple tools and the substitution of bonded joints for fusion welds.
3.3 PURGING EVALUATION
The multiple ply MLI sandwich coupled with fasteners and penetrations (due to plumbing
and tank supports) creates a matrix of faying surfaces andpockets that act as traps for
moist air. Before tanking, the MLI must be dried by circulating hot nitrogen gas
through the lay-up followed by a helium gas purge which replaces the nitrogen by a
dilutional process, forced convection or combinations of these. This conditioning
process must also be performed within time periods compatible with Shuttle operations
and with minimum gas usage. In addition, the hardware employed should be arranged
and supported to reflect low weight, low maintenance, minimum influence on the
insulation, and a fair degree of ruggedness. A study was thus performed to define
candidate purging approaches, analyze purging efficiency and select the optimum
purging approach.
3.3.1 CANDIDATE PURGING APPROACHES. Five purging subsystem concepts
were generated and subjected to an analysis using purge efficiency, weight, insulation
degradation, maintainability, and complexity as the evaluation criteria. The design
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approaches are: Case 1, simple direct gas injection with no formal distribution;
Case 2, a complete internal conveyance using a fairing with purge pins; Case 3,
equatorial injection with a perforated insulation; Case 4, partial internal distribution;
and Case 5, complete distribution using an external manifold system. The configura-
tions therefore represent a span of techniques ranging from minimum gas flow control
to complete distributions which specifically locates the points of injection. Figure 7
shows a schematic representation of the purging approaches.
Purging as accomplished by the Case 1 approach is the simplest possible method for
MLI purging. Helium gas is injected into the purge bag and reduces the concentration
of condensible gases in the MLI by molecular diffusion. The big advantages of this
approach are its minimum weight and its simplicity. The major disadvantages is
extended time necessary for diffusion controlled purging.
Case 2 uses a complete internal distribution system by enveloping the tank with a
fairing equipped with purge pins. The fairing is spaced from the tank wall which
provides an annulus type plenum chamber. A typical gas flow starts at the inlet
supply tube, into the annulus, through the purge pins, into the space between insulation
layers, out the insulation gore seams and finally into the space between purge bag and
insulation which is exhausted overboard. The prime advantage of Case 2 is the
positive convenience of gas to specific points with provisions to create flows parallel
to the radiation shields. The path lengths between the points of injection and the open
gore seams is also short therefore reducing possibilities of trapped pockets.
Disadvantages are weight penalties associated with the fairing; degradation of the
insulation due to the purge pins which penetrate the layers; and numerous parts.
Maintainability could also be a problem since the bag and the insulation must be
removed to gain access to the fairing and pins. This is partially compensated for,
however, by the simplicity of the components which under normal condition should
not' require replacing.
Gas injection at two or more points at the girth area coupled with perforated
insulation layers opposite the inlets is used in Case 3. The design is similar to
Case 1 with an attempt to diffuse the gas into the blankets by piercing the blanket
layers with small holes. The degree of interlayer flow is questionable, however
the system does offer simplicity, low weight, and easy maintenance. The Case 3
approach is not limited to supplying gas at the girth area only. Alternates are
possible, using for example one inlet as shown in Case 1 with a perforated
insulation cap sheet or complete perforation of the total blankets. Distribution
at the girth is also not limited to 2 or 3 inlets but could be made uniform by using
a box type girth ring for the bag which would serve as a manifold. A series of
holes at the inboard wall of the ring would then provide a uniform distribution
pattern.
The use of purge pins requires the gas to perform a 90° turn relative to the pin axis
before entering the cavities between layers. Also a "check valving" effect can be
initiated when the edges of the thin layers deflect from their normal position when
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Fairing is equipped with purge pins.
Manifolds are supported from tank skin by purge pins bonded to the tank wall.
Purge pins per second quarterly progress report of Contract NAS8-26129,
p. 2-69, use case for internal manifold system.
**** Same as *** except use case for fairin; systems.
***** Use a 30,5 cm (12.0 in.) dia x .305 cj (.120 in.) thick
Equivalent Path.
Related to Conditioning Time 1 to 1 Trade-Off With Payload Related to Thermal Related Mostly to Amount of Affects Reliability
and Gas Consumption Performance Bag and Insolation Removal Maintenance
for Access I
Purge 1 Weight Insulation
Efficiency tf (Computed) Degradation M ainainability Complexity
Increase in Heat Leakage
t = time to 1% GN2, hours
f = flow rate, vol/hr 228 cm (90 in. ) dia (Baseline = 1.0) 1 is best
Configuration (Computed) Spherical Profile Used (Computed) 5 ii poor Number of Parts Computed
Gas Injection at One 0. 033 .91 kg (2.0 lbs) total 1.0 4
End With Exhaust at
End Wpsith Enxhaust at 1 Inlet Fitting Minor Inter'al Parts Which 1 Inlet Fitting
Opposite End 1 Gas Direction Fitting Can be Remnlved Without Bag 1 Gas Direction Fitting
Minor Baffling No Penetrations Disassembly 2 Baffles
Case 1
* Internal Fairing. .41 13.62 kg (30.0 lb) 1. 023 i 34
Gas InjectedG as Between Fairing .0381 cm (.015) F. G. Wall 30 Penetrations Bag and Ins lation Must be 2 Fairing Halves
Fairing Plus Accessories 3 Per Gore Blanket Plus Removed. "ype of Components 1 Girth Ring
and Tank Cap and Neck Areas *** Should Requ re no Maintenance 1 Inlet Manifold
Unless Dam ged. 30 Purge Pins
Case 2
Gas Injection at .033 1.23 kg (2. 7 lb) -1.0 12
Girth. Perforated Interface Accessories for Insulation Perforated Thru Parts Can be Removed Without 4 Inlet Fittings
Insulation Four Gas Injection Points All Layers at 30.5 cm Effecting B.g or Insulation 4 Piece Manifold
(12 in.) Width Belt Area at 4 Tube Fittings
Girth
Case 3
Gas Injection Thru .468 1.2 kg (2° 6 lb) 1.163 · 18
Aft Manifold Which
AftManifold Was Paral30.5 cm (12.0 in.) dia. Ring Type Penetration at Cap Requires R( moval of Aft Bag 9 Special FastenersFlows Gas Parallel To Layers Annulus Ring Manifold Area ***** Section and Insulation Cap 1 Annulus Manifold
.0380 cm (. 015 in ) F.G. Pieces Easi y Damaged. 6 Pin Type Supports
Plus Accessories 1 Feed Tube
Case 4 1 Adapter Flange
Gas Injected Thru .41 3. 04 kg (6.7 lb) 1.o 029 40
((~\ ] External Manifold |.635 cm (.25 in.) O.D. Al 30 Purge Pin Penetrations Requires R moval of Bag. 9 ManifoldsEquipped With oBPurge P. Aly Tubing. .051cm (.020 With Direct Contact With Very Easily' Damaged. 30 Purge Pins
HiaPurgse SP ] ]in.) Wall Plus Accessories Tank Wall **** ** 1 Manifold Neck Piece
Case 5
Figure 7. Summary for Purge Gas Distribution Screening Evaluation
FOLEDOUT FRAME I
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** *
PPO ring for
impinged with gas. Case 4 attempts to relieve these tendencies by injecting the gas
directly between the layers at the cap area only using a rigid annulus type manifold
with protruding hollow fins located between each layer of the insulation. The basic
plan is to initiate parallel flow at the point of injection (with no "check valving") and to
continue this pattern in a uniform way from the aft to the forward ends of the lay-up.
One disadvantage of Case 4 is that the gas may short circuit out the insulation gore
joints since these are unsealed for venting purposes. This problem may be minimized
by partially sealing the gore seams providing venting capabilities are not jeopardized.
A second disadvantage is the complexity of the injection manifold. The injection fins
on this assembly can be delicate and susceptible to damage. Also maintenance is
complicated since the fins are bonded to each insulation layer to prevent gas from
by-passing at the entrance area.
A third disadvantage is the complete penetration of all insulation layers by the manifold
which causes thermal degradation. Also the manifold is supported from the tank wall
which augments this heat leak.
Primary advantages are low weight and positive gas injection parallel to the radiation
shields.
Purging with purge pins mounted in a fairing requires removal of the insulation in
event of repairs and weight penalties due to the large surface area of the fairing.
Also primary support pins for the insulation must be attached to the tank wall or to
the fairing which complicates the general arrangement. For example if the MLI
support pins are attached to the tank wall, the fairing must accommodate the resultant
penetrations by providing seals and capabilities for absorbing relative deflections
caused by thermal gradients. If the insulation supports are mounted on the fairing,
the loads must be transferred back to the tank wall which in turn places burdens on
the fairing. The Case 5 design attempts to delete some of these difficulties by
mounting the insulation directly on the tank wall and purging with externally located
injection pins supplied with tubular manifolds. The system offers low weight and the
opportunity to service without having to remove the insulation. However, the tubular
manifolds are difficult to support and easily damaged. The manifolds are supported
from the purge pins which in turn are attached to the tank wall. Heat leakage may
also be augmented by this latter feature. Purge efficiency would be equal to that
shown for Case 2 since the same conveyance method is used.
An analysis was made for each purging appraoch to evaluate its capability to perform
the MLI purging requirement. The evaluation criteria presented in Figure 7 were
established for the general MLI purging case. A review of the evaluation data on
Figure 7 shows that the Case 1, diffusion controlled purging method, is superior to
all other approaches except for its purge efficiency. This evaluation criterion is
related to helium usage and purging time necessary to eliminate condensible gas
residuals. Thus if helium usage or purging time were unimportant, diffusion purging
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would be the optimum approach. A specific requirement has been established for this
study to minimize helium usage. In addition, the detailed operations plan as generated
for the purge system establishes a 2* hour time limit for pretanking MLI purging.
Therefore,major emphasis must be placed upon these two considerations for a shuttle
purge system. A detailed purging analysis was performed to evaluate the acceptability
of each concept for shuttle usage. (See Section 3.3. 2).
A review was also made of the two purge pin concepts to determine the most applicable
approach for shuttle. Major emphasis was placed on the maintainability problems
associated with the external manifold concept since the distribution tubing is very
susceptible to damage. If damage does occur, the purge bag must be removed to
make tubing repairs. The fairing purge pin concept was thus favored over the external
manifold concept as the most applicable purge pin approach.
3.3.2 MLI PURGING ANALYSIS. Reusable spacecraft cryogenic tank storage and
non-flight handling are accomplished while purging the MLI with nitrogen gas.
Filling the tanks in preparation for flight requires that the nitrogen be replaced with
helium gas (by purging). This procedure will preclude possible condensation and/or
liquifaction within the purge bag and MLI. The operations analysis of the shuttle
purge system shows that only 2* hours would be available for such a helium purge.
To be cost effective, the purging must be accomplished with the minimum possible
helium usage. These requirements dictate the performance of a purging technique
optimization study.
A preliminary design analysis of selected Purge and Repressurization System MLI
purging techniques prior to tanking has been completed. The analysis was conducted
assuming nitrogen filled MLI with helium as the purge gas. Predicted gas
concentration gradients resulting from the study were correlated with the available
helium purged MLI test data obtained under contract NAS8-26129, "Cryogenic
Insulation Development. " Results and conclusions of the analysis and test data
correlations are presented in Paragraph 3.3.7.
3.3.3 PURGING ANALYSIS MATHEMATICAL PROCEDURES. Purging analytical
techniques consist of integrating the non-linear partial differential equation describing
gas concentration rate of change due to diffusion and/or gas displacement.
The basic equation for the determination of the concentration gradient in a mixture of
fluids, as derived in Reference 3, is
C+ div (CV) - Dv 2 C = 0 (1)
at
where:
C = relative concentration, PA/PAo
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V = velocity vector
D = diffusion coefficient
PAo = initial density of solvent
PA = current density of solvent
Expanding and restricting the above equation to one dimensional flow yields:
._ aC Bo 2
Vat x -o D - [In (aC + PBo)] =o (2)6 t Tx a~ t2
where:
PBo = initial value of solute
C = (A o - PB ) >0
and for radial flow (purge pin analysis):
LC 1 a PBo1 a
at r r (rCVr) -D - r - r- an (tC + P )= (3)~t ~r a  ar r nr +Bo)
where:
r = radius affected by one purge pin = 20.3 cm (8.0 in)
Solutions to Equations 2 and 3 yield relative concentration histories within the region
being purged, and were obtained using the numerical techniques described in Section
3.4.1. Equation 2 provides solutions for both "diffusion only" conditions (ie, Vx = 0)
as well as velocity displacement cases (ie, VTx Z 0). The equations ignore the flow
resistance encountered by the purge gas due to the MLI which may be significant for
high layer density MLI (closely spaced MLI layers).
3.3.4 ANALYTICAL MODEL DESCRIPTION. Four MLI purging techniques were
investigated. Two were diffusion controlled methods and two were gas displacement
procedures.
A. Diffusion Controlled Methods
1. Gas is injected at one end of the purge bag with the exhaust at the opposite
end. Purge gas displaces interstitial gas by diffusion from gore butt joints.
2. Gas is injected at one end of the system bag with the exhaust at the opposite
end. Purge gas displaces interstitial gas by diffusion from gore butt joints
and broadside diffusion through MLI layer perforations.
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B. Gas Displacement Methods
1. Purge gas flows into the MLI from an aft manifold which insures gas injection
parallel to the MLI layers.
2. Gas is injected into the MLI by means of uniformly spaced purge pins.
The models used for the purging analysis are pictorially presented in Figure 8. The
models consist of nitrogen bounded parallel flat plates, simulating nitrogen filled
MLI sheets. Helium gas was supplied external to the MLI. Purging occurred by
helium diffusion into the nitrogen, or by helium injection (gas displacement), between
the plates (MLI sheets). For the purge pin gas injection simulation, the gas was
injected radially by converting the analytical expressions to cylindrical coordinates.
The purging analytical models represent the ideal cases and are thus optimistic.
I
I--
N2
He
I N,O FLOW
I SYMMETRIC
I BOUNDARY
I~ 1/2 Gore Width " *|
DIFFUSION ONLY
He
Injection N2
K- 244 cm (8 ft)
GAS DISPLACEMENT (END INJECTION)
Dia = 40.6cm (16. 0 in) -
N2 N2
He
Injection
GAS DISPLACEMENT (PURGE PIN)
Figure 8. MLI Purging Analytical Models
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3.3.5 ANALYTICAL RESULTS. Results of the analysis are presented in Figures 9
through 11. Figure 9 shows the helium edge-diffusion only condition. A helium
concentration of 99% or greater at the diffusion boundary edge of the MLI blanket was
assumed to assure a large helium concentration gradient to the MLI. A relatively
high helium maximum flow rate of 250 vol/hr is required to the purge bag for 30
minutes of the purge time to maintain the 99% helium concentration boundary. This
flow rate, which was slightly higher with the addition of perforated shields, is
deemed excessive when compared with the gas displacement methods. Further, as
indicated in Figure 9, 70 minutes would be required to purge the MLI to 1% nitrogen
concentration.
The 70 minute purging time represents the results for the ideal diffusion only condition.
The actual vehicle MLI design results in fluid diffusion paths which are much more
complex than the analytical model. Use of overlapping MLI blankets results in
"staggered" blanket butt joints. An inner blanket 99% helium diffusion boundary cannot
be maintained with "staggered" blankets. The actual configuration is not readily
amenable to exact analysis. When the ideal purging time is compared with the 21
hour purging time available for the actual vehicle, insufficient time safety margin exists.
Thus, diffusion only techniques are not recommended and are not considered for further
analysis.
Figures 10 and 11 present predicted purge times for the end injection gas displacement
technique. Shown are the predicted purge times at 122 cm (4 ft) and 244 cm (8 ft) from
a typical MLI blanket purge inlet for flow rates of 10 vol/hr (Figure 10) and 100 vol/hr
(Figure 11). Figures 10 and 11 show that approximately 13 minutes and 75 seconds are
required to purge the MLI at 10 vol/hr and 100 vol/hr respectively. Further, the
higher flow rate provides purging with the least total gas requirement.
Figure 12 presents predicted purging times for the purge pin gas displacement procedure.
Figure 12 shows approximately 810 seconds and 85 seconds are required to purge the
MLI for the 10 vol/hr and 100 vol/hr purge rates, respectively. These purge times
are approximately equivalent to those predicted for the end gas injection procedure at
10 vol/hr and 13% worse at 100 vol/hr.
It is concluded on the basis of the idealized analysis, that the gas displacement techni-
ques offer the best assurance of purging MLI within the 22 hour time limit specified by
the Operations Plan section of this document. Further, gas displacement techniques
ultimately result in lower total helium usage. Of the gas displacement techniques
investigated, the analytical predictions show that a distinct advantage is not indicated
for the end gas injection or purge pin gas injection procedures. Thus, purge pin gas
injection verification tests must be- conducted to provide data for comparison with end
gas injection test data.
3.3.6 MLI PURGING TEST DATA/ANALYSIS CORRELATION. Predicted gas
concentration gradients have been compared with helium purged MLI (Convair Superfloc)
test data obtained under contract NAS8-26129, "Cryogenic Insulation Development. "
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1. 0 t~~He-N2 DIFFUSION COEF 0.46 cm'/sec
(11~ (5.0j104 ft2/sec)[
0.9 ----------- -ii
0.9ROGEI
28 cm
(11 in.)~i
0.8 1/2 ore W
28 cm 1 n 
X 14 cm (5. 5 -in.z;
0.7
0.64 Z
z~~~~~~
$~~~~~~~~1 '-.-t'
0.5
0 2.40 0.4 ~t
0.3
0.2
,t= --,-
0
0 10 20 30 40 50 60 70
TIME, minutes
Figure 9. Helium Diffusion Into Nitrogen Filled MLI - 28 cm (11 in.) Gore
Half Width
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Q() Predicted N2 Concentration at 122 cm (4 ft) From 
f Purge Inlet. Flow Rate - 10 Vol/Hr.
©V Predicted N2 Concentration at 244 cm (8 ft) From
tff Purge Inlet. Flow Rate 510 Vol/Hr.
4 5 6 7 8 9 10 11 12 13
TIME, minutes
Figure 10. Predicted Helium Purging Times for Nitrogen Filled MLI (Superfioc) Gas
Injection at End of Blanket
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Figure 11. Predicted Helium Purging Times for Nitrogen Filled MLI (Superfloc) Gas Injection
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Purge tests at purge gas flow rates of 10 vol/hr and 100 vol/hr were conducted using
a 244 cm (8 ft) length of Convair Superfloc with gas injection from one end, parallel
to the MLI layers (gas displacement). Initial test fixture calibration runs were made
without MLI installed to define unrestricted flow purging times. The analytical
techniques do not consider restricted flow. Therefore, the predictions were compared
with the calibration runs for verification of the analytical procedures. Figure 13
presents the calibration run data and predicted value comparsions for both the 10 vol/
hr and 100 vol/hr flow rates. Figure 13 shows excellent agreement with the 100 vol/hr
test data. The predicted values, however, do not agree with the 10 vol/hr test data.
The lack of agreement here is due to the difficulty in obtaining valid test data at the
extremely low 10 vol/hr (0. 68 cm/sec or 0. 0222 ft/sec) flow rate, rather'than with the
analytical procedure. The discrepancy is probably caused by a combination of back
eddy diffusion and circulation within the empty MLI test plenum at the low flow rate.
Correlation between predictions and test data with 22 layers of Convair Superfloc was
conducted at a distance of 122 cm (4 ft) from the gas injection end. Results show that
the analytical techniques predicted a much more rapid MLI purging than was observed
during testing. This phenomena is most probably due to tunneling of helium through the
MLI and along butt joints, particularly at the lower flow rate. This is caused by the
flow restriction imparted by the MLI layers. At a test flow rate of 10 vol/hr, about
20% of the helium (2 vol/hr) resulted in correlation of the test data with the analytical
model. At a test flow rate of 100 vol/hr, correlation was obtained with a flow of 33.3%
(33.3 vol/hr). Thus, for predicted MLI purge times at distances other than those for
which test data exists, the actual average flow rates through the MLI was 2 vol/hr for
a total test flow rate of 10 vol/hr, and 33.3 vol/hr for a total test flow rate of 100 vol/hr.
Results from the restricted flow conditions are presented in Figures 14 and 15. The
flow restriction values are for Superfloc MLI only, which has a very low layer density
of 11. 8 £/cm (30 Z/in). Increased layer densities may cause further flow restriction,
resulting in increased purge time requirements.
Test data for purge pin gas injection were not available for comparison. However,
lower purging times using purge pins, are expected due to the large potential for purge
flow leakage at the blanket butt joints experienced by the end injection purging technique.
Purge pin flow tests are necessary to verify the purge pin concept performance
predictions. These tests will be conducted at GD/CA to provide the necessary data
,which will be compared with gas end injection test data.
3.3.7 PURGING CONCLUSIONS AND RECOMMENDATIONS. The following conclusions
and recommendations are presented as a result of the purging analytical predictions,
test data comparisons and purge concept evaluations.
1. Diffusion only purging techniques are not recommended due to insufficient purge
time safety margins. Further, relatively high helium flow rates are required to
maintain a high helium concentration (99%) diffusion boundary. Thus, total
helium usage would be increased.
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HELIUM PURGE GAS FLOW RATE = 10 vol/hr (0.0222 ft/sec)
O TEST DATA @ 183 cm (6 ft) FROM GAS INJECTION END
A TEST DATA @ 122 cm (4 ft) FROM GAS INJECTION END
PREDICTED CONCENTRATION @ 183 cm (6 ft)
- - - PREDICTED CONCENTRATION @ 122 cm (4 ft)
300 400 500 600
PURGE TIME, seconds
HELIUM PURGE GAS FLOW RATE = 100 vol/hr (0.222 ft/sec)
O TEST DATA @ 183 cm (6 ft) FROM GAS INJECTION END
a TEST DATA @ 122 cm (4 ft) FROM GAS INJECTION END
PREDICTED CONCENTRATION @ 183 cm (6 ft)
- - - - -PREDICTED CONCENTRATION @ 122 cm (4 ft)
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Figure 13. Comparison of Purge Test Calibration Run Data With Predicted
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2. End injection purging results in reduced flow between MLI layers due to MLI
induced flow resistance. Flow resistance for Superfloc results in 80% and 66.7%
flow diversion at 10 vol/hr and 100 vol/hr, respectively.
3. Based upon analysis, a gas injection technique selection is not clearly indicated.
Purge pin gas injection testing will be conducted in order to provide data for
direct comparison with end gas injection purge data. A gas injection technique
will be selected based upon test data comparisons.
4. The internal fairing purge pin concept is preferred over external fairing purge pin
concept as the approach for use as the purge gas distribution subsystem because
of the susceptibility of the external manifold to damage and the attendant mainten-
ance problems.
3.4 MLI VENTING ANALYSIS
During ascent, the Purge and Repressurization System MLI is required to vent to an
ambient pressure environment. Rapid venting of the MLI is required to preclude
thermal performance degradation during flight. To maximize thermal performance,
the MLI interstitial pressure must vent down to 10
- 4 torr within one hour after launch.
A venting analysis is thus required to determine which candidate venting approaches
satisfy the above pressure venting requirement.
A preliminary design analysis of the Purge and Repressurization System MLI venting
during launch has been completed. The analysis was conducted parametrically in
which the independent variables were MLI layer density (layer spacing), MLI material
outgassing rate, and purge bag vent orifice area. The ambient pressure to which the
system vented was assumed to be the pressure in the vicinity of the LH2 tank as
indicated in Figure 1 of Reference 4.
3.4.1 VENTING ANALYTICAL TECHNIQUES. The analytical techniques and
numerical procedures employed in the venting analysis were developed under contract
NAS8-26129, "Cryogenic Insulation Development. " The procedures and their application
to the Purge and Repressurization venting analysis are presented here for continuity
and clarity.
Reference 5 presents the non-linear partial differential equation which describes the
flowing gas pressure distribution in a one dimensional channel. The equation is valid
for the continuum and free molecular flow regimes. Further it contains an empirical
expression which results in a smooth transition from one regime to the other. Thus,
an estimate of the flow characteristics in the transitional and slip-flow regimes is
obtained. The equation is:
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2 2
-=A + (BP + C) a-2+B ( (4)
where ·
P = pressure
t = time
X = distance along batten in the flow direction
A =2 k T/
B =2/12 
C =(26/4 [(8RoT)/(IrM)] 2
k = Boltzmann constant
T = temperature
= outgassing rate
8 = space between sheets
= dynamic, viscosity
Ro = universal gas constant
M = molecular weight
Purge bag pressure changes were computed using an expression derived from the
non-steady energy equation. It is based upon purge bag isothermal vent gas net flow
rates. With flow into and flow out from the bag in pressure-volume units (flow rates,
Q, in micron-cc-sec-1),
dt (Qin Qout) (5)
where:
P = bag pressure
Y = the ratio of specific heats
V = volume
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Qin = flow into the bag
Qout = flow out of the bag
Gas flow through the purge bag vent valve orifice is given by
Qcontinuum = Cv A /P AP(6)
or
Qfree molecular = CmA (P-Po) (7)
where:
Cv = a numerical constant = 54800 cm/sec
Cm = a numerical constant = 25700 cm/sec
A = bag vent orifice flow area
P = pressure in the bag
aP = jP-Po non-choked flow
0. 5133 P choked flow
Po = pressure outside bag (ambient pressure per Figure 1, Reference 4)
The constants Cm and Cv contain factors for unit conversion and 0. 6 as the flow
discharge coefficient.
To compute transition and slip-flow through the orifice a linear interpolation is
performed on the Knudsen number (Kn) within the range
0.01< Kn < 1.0
at Kn = 1.0, Q = Qmolecular and at Kn = 0. 01, Q = Qviscous. At intermediate values
of Kn the linear interpolation results in a Q which is weighted between Qmolecular and
Qcontinuum by,the Knudsen number.
Purge bag and MLI interstitial pressures were computed by successive integrations
of Equations 4 and 5. The following flow diagram illustrates the process.
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The solution of Equation 4 is generated numerically by means of an implicit forward
time-difference centered space difference procedure. As the pressure is reduced,
Equation 4 shifts from hyperbolic to parabolic. The difference scheme is stable for
both types. When Equation 4 is parabolic the difference scheme is the well-known
Crank-Nicholson method and sufficient dissipation is present in the coefficient B to
avoid oscillatory instabilities.
Solution of Equation 4 was accomplished per the numerical techniques of Reference 6.
Reference 6 is a versatile, multipurpose, general program which performs integration
of time-dependent, first order (in time) partial differential equations in one dimension,
ie, of the form
6+ at p 2p
+f(t, p ,X,, )=0Tt 'x X2
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Users specify the form of f which can be non-linear, discontinuous, and otherwise
impossible for analytical solution. Boundary conditions can be P = f(t) or (aP)/(AX) =
f(t) at the non-symmetric end of the spatial grid. Initial conditions are P = f(X).
Newton's method for relaxation of systems of non-linear algebraic equations is used.
The solution of the Newtonian coefficient matrix is explicitly performed by a standard
tri-diagonal matrix algorithm.
Integration of the bag pressure equation is accomplished by Euler's method. The
resulting new value of P was used as the next boundary condition in the CARB0N code.
The program for integrating Equation 5 was written especially for MLI venting studies
and was coupled to CARBJ)N as a subroutine.
Mass flow into the bag from the MLI (Qin) was computed by the integration of P over
the entire venting length of the MLI. The pressures are integrated by means of the
trapezoidal rule and differences in these sums between time steps constitutes the
mass flow into the bag.
Time dependent ambient pressure (Po) and outgassing rates (t) are programmed in
table form. They are evaluated by linear interpolation in the tables at the current
computational time.
For the specific MLI venting problem, the program is an assembly of routines for
general purposes plus some specific venting coding. Some coefficients of the equations
have been coded directly for helium gas. Thus, the program is not currently suitable
as a general usage program.
For the computations reported below the number of special grid points used was 14
which provided good accuracy for the half gore length of 28 cm (11 in).
3.4.2 DESCRIPTION OF MLI VENTING ANALYTICAL MODEL. The analytical
model consists of venting gas one dimensional flow between parallel flat plates
simulating MLI sheets. The flow between sheets is assumed to exhaust directly
into the purge bag. Gas was then vented to ambient pressure through a vent valve
which was modeled by an equivalent area sharp edge circular orifice. The model
assumed a no-flow symmetric boundary at one end, thus simulating one half of a MLI
blanket gore. Purge bag pressure changes were computed based upon isothermal net
mass flow relationships. The thermal model is presented in Figure 16.
Data were generated parametrically in which the purge bag vent valve size, MLI outgas-
sing rate, and MLI layer density were independent variables. Three purge bag vent
valve sizes were initially considered, 2.54 cm (1. 0 in) dia, 15.24 cm (6.0 in) dia, and
30.48 cm (12.0 in) dia. However, based upon the results obtained for the 2. 54 cm (1. 0
in) and 15.24 cm (6.0 in) vent valve sizes, the 30.48 cm (12.0 in) valve size, MLI
pressure predictions were deleted. Three MLI layer densities were selected as repre-
sentative cases for consideration, 11.8 2/cm (30 /in), 26.8 /cm (68 /in), and 41.0
L/cm (104 M/in). Each of the vent valve size -MLI layer density combinations was
examined considering two different outgassing procedures:
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1. Outgassing rate =0 torr-literSec-cm2 . This simulates the possible MLI outgassing
configuration after the initial flight, provided the MLI has had a continuous dry He
or N2 purge between flights.
2. Outgassing rate per Figure 17, simulating the MLI initial flight (after a hot GN2 purge)
or flights in which the MLI has been exposed to a moist atmosphere and repurged
with hot GN2 . These data were obtained for aluminized Mylar MLI, however, it
is anticipated the results will be very similar for goldized Kapton.
Purge Bag
Vent Valve .
MLI
Spacing
(Layer
Density) {
Ambient Pressure (PO)
t:'
///////7///// /,//7//7//////
fI IOne Half
m- Gore Width
-
Purge Bag
Venting
- Helium Gas
Figure 16. Representative MLI Venting Model
The following table presents a tabulation of the MLI venting cases considered.
3.4.3 ANALYTICAL RESULTS. Results of the analysis are presented in Figure 18
through 21. Shown are the predicted MLI maximum pressure histories (center of MLI
gore) for each of the conditions indicated in the above table. Figures 18 and 19 present
predictions for the zero outgassing condition while Figures 20 and 21 present predictions
for the hot GN2 purged MLI outgassing rates. Figures 18 and 19 show that MLI readily
3-32
Without Outgassing With Outgassing (Fig. 15)
Vent Vent
MLI Layer Orifice Diameter Orifice Diameter
Density 2.54cm(1.0in) 15.24cm (6. 0 in) 2.54cm (1.0in) 15.24cm(6. 0 in)
11. 8 d/cm (30 M/in) I Figure 18 Figure 19 Figure 20 Figure 21
26.8 £/cm (68 1/in) Figure 18 Figure 19 Figure 20 Figure 21
41. O/cm (104 I/in) Figure 18 Figure 19 Figure 20 Figure 21
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vents to below 10- 4 torr within 60 sec after the ambient pressure falls below 10- 4 torr.
Further, only a slight benefit was obtained by increasing the vent valve diameter from
2.54 cm (1. 0 in) to 15.24 cm (6. 0 in). When the outgassing rates of Figure 17 are
included, MLI venting times increase to 300 sec for 11.8 £/cm (30 L/in), 540 sec for
26. 8 1/in), and approximately one hour for 41. 0 I/cm (104 I/in) MLI. Increasing the
vent diameter from 2.54 cm (1.0 in) to 15.24 cm (6.0 in) once again resulted in only
minor improvements. The increase in the interstitial pressures when considering
outgassing were independent from vent valve size and purge bag pressure. The delay
in MLI venting, therefore, results from flow resistance between closely spaced MLI
sheets rather than flow resistance through the purge bag vent system. Thus, the
analysis does not dictate vent valve size and single valve venting is deemed sufficient.
Analysis of more complex systems (multiple vents, etc.) is therefore not required for
the low density MLI system.
3.4.4 VENTING ANALYSIS CONCLUSIONS AND RECOMMENDATIONS. Conclusions
and recommendations resulting from the above analysis were attained within the venting
model constraints indicated above. Results indicate:
1. MLI venting occurs rapidly for zero outgassing rate conditions.
2. The MLI interstitial pressure is relatively independent of vent valve size for the
size range analyzed.
3. MLI venting time is dependent upon MLI layer density when outgassing rates are
considered. The time required for MLI venting increases as layer density
increases (as MLI spacing decreases). Therefore, low layer density MLI is
recommended.
4. A single orifice vent system is adequate for reusable MLI. Vent valve selection
for the test article may therefore be made on the basis of availability, provided
adequate venting safety margin is attained.
3.5 THERMAL ANALYSIS
Prelaunch ice formation on cryogenic tankage system components results in launch
vehicle reduced payload capability. Further, ice formation may result in component
reliability degradation during prelaunch and post flight operations. A thermal analysis
of the MLI/purge bag is thus required to determine if ice formation occurs within the
environmental constraints imposed upon the Purge and Repressurization System as
outlined in the system requirements document presented as an appendix to this report.
3.5.1 THERMAL ANALYSIS APPROACH. The preliminary design parametric thermal
analysis of the purge bag and MLI has been completed. Prelaunch and post flight
conditions were examined. Helium was the purge gas for both conditions. Purge gas
flow rates of 0 vol/hr, 10 vol/hr, and 100 vol/hr were considered.
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Estimates of ice formation were made for the post flight condition. Worst case
environmental parameters (temperature and relative humidity) were assumed.
Comparison analyses were conducted in which the purge gas was nitrogen and a foam
substrate was included between the MLI and the LH2 . Foam thicknesses of 1.27 cm
(0.5 in), 2.54 cm (1.0 in), and 5.08 cm (2.0 in) were assumed for substrate
comparisons with the preferred no substrate condition. The following tabulation
presents the conditions considered.
Prelaunch Purge Purge Gas Flow Rate
Conditions Gas 0 Vol/Hr 10 Vol/Hr 100 Vol/Hr
No Foam He Figure 24 Figure 24 Figure 24
1.27 2.54 5.08 1.27 2.54 5.08 1.27 2.54 5.08
(0.5) (1.0) (2.0) (0.5) (1.0) (2.0) (0.5) (1.0) (2.0)
Foam N2 Fig.27Fig.2 8Fig.29 Fig. 27Fig. 28 Fig.29 Fig. 27 Fig.28 Fig. 29
Post Flight
Conditions
No Foam He Figure 25 Figure 25 Figure 25
1.27 2.54 5.08 1.27 2.54 5.08 1.27 2.54 5.08
(0.5) (1.0) (2.0) (0.5) (1.0) (2.0) (0.5) (1.0) (2.0)
Foam N2 Fig.30 Fig.31 Fig.32 Fig.30 Fig.31 Fig.32 Fig. 30 Fig.31~ Fig.32
Note: Foam thickness units are cm (inches)
3.5.2 THERMAL MODEL DESCRIPTION. The purge bag and MLI thermal model is
presented in Figure 22. The thermal model consisted of a spherical LH2 tank insulated
with 44 layers of gas filled (Helium or Nitrogen) MLI (Superfloc) enclosed within a purge
bag. A purge bag stand-off distance of 2.54 cm (1.0 in) was assumed. The gas environ-
ment external to the purge bag was assumed to be Nitrogen with a temperature of 2780K
(40°F). For the prelaunch condition, a Nitrogen purge would be provided external to the
bag and thus a heat transfer coefficient of 22. 6 w/m2 -oK (4.0 BTU/hr-ft 2-°R) between
the external gas and the bag was used. For the post flight analysis, the external gas
was assumed to be air without a forced convective environment. A heat transfer
coefficient of 5.67 w/m2-°K (1.0 BTU/hr-ft2-°R) between the gas and the bag was
accordingly used. A post flight radiant environment of 3670 K (200°F) due to warm
orbiter internal structure was assumed.
For the comparative analysis in which nitrogen gas and a foam substrate were
considered, the foam was assumed to have the conservatively high thermal conductivity
shown in Figure 23. The conservative thermal conductivity was selected for this
analysis because of the lack of thermal conductivity data after prolonged usage and
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Post Flight Radiative
Surface Temp =
367°K (200°F)
E mittance
of Orbiter
Surface = 0.2
Emittance of Bag.
Surface = 0.7
Ambient Temp =
278°K (40°F)
External Heat
Transfer Coef (h)
5.67 w/m2 -OK (1.0 Btu/hr-
ft 2 -°R) Post Flight.
22.6 w/m2 -oK (4.0 Btu/hr-
ft2 -°R) Prelaunch.
Foam
Purge Gas Inlet - Temp. = 289°K (6'0F)
(Helium or Nitrogen)
Flow Rates = 0 vol/hr, 10 vol/hr, 100 vol/hr
.\/ . ' '
TYP A
MLI
Purge
Gas
Figure 22. Purge Bag Thermal Model
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Ref.: (1) GD/CA Test Data, Report No. GDC 584-4-718, October 1971.
(2) Johnson, V. J., "A Compendium of the Properties of Materials at Low Temperature (Phase 1), Part I.
Properties of Fluids, National Bureau of Standards Cryogenic Engineering Laboratory, WPAFB, Ohio, Oct. 1960.
(3) "Development of Lightweight Material Composites to Insulate Cryogenic Tanks for 30 Day Storage in Outer
Space, " Third Quarterly Report, Dec. 1970 to March 19471, MDAC Report MDC G2265.
(4) "An Analytical Model for Determining The ThermalConductivity of Closed-Cell Foam Insulation, " 1969
Cryogenic Engineering Conference, June 1969, M. B. Hammond Jr., North American Rockwell.
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numerous thermal cyclings for the possible foam candidates.
The thermal model was segmented into 38 thermal nodes and contained 70 thermal
resistances between nodes. A thermal equilibrium (steady state) solution to the
network of nodes, resistances, and associated boundary conditions, was provided per
the numerical procedures of Reference 8. The Reference 8 program is a versatile
heat conduction program which accommodates a broad variety of boundary conditions
and includes convenient simulation of free or forced convection, and radiative heat
exchange.
3.5.3 THERMAL ANALYSIS RESULTS. Results of the analyses are presented in
Figures 24 and 25. The dominant mode of heat transfer between the purge bag and the
MLI for all three purge gas flow conditions was free convection, while the dominant
mode through the MLI was gaseous conduction. The resulting heat transfer coefficient
between the helium purge gas and purge bag/MLI surfaces was 20.4 w/m2 -'K (3.6 Btu/
hr-ft2 -°R).
Figures 24 and 25 present the results for the Helium purge gas analysis for prelaunch
and post flight conditions, respectively. For the prelaunch condition, the purge bag
minimum temperature was found to be 260%K (8°F). Since the dew point of the Nitrogen
gas ambient environment is 222°K (-60°F) per Reference 9, no condensation or frosting
will occur. For the post flight condition, the predicted bag minimum temperature is
2360 K (-35°F). The worst case ambient environment for design purposes is 317°K
(110°F) at 95% relative humidity air. Thus, moisture condensation and freezing on the
bag will occur.
A conservative estimate as to the amount of ice formation has been made. Results are
presented in Figure 26. Shown are the purge bag ice thickness as functions of free
space surrounding the tank and relative humidity. Assuming 317°K (110°F) air at 95%
relative humidity is introduced external to the bag and chills to the bag minimum
temperature, 283 m3 (10,000 ft3 ) of free space around bag is required in order to
form 0.152 cm (. 060 in) of ice. If the free space assumed is reduced to 142 m3
(5000 ft3 ), ice formation is reduced to 0.076 cm (. 030 in), and further to 0.0152 cm
(0.006 in) for a free space volume of 28.3 m3 (1000 ft3). The ice thickness estimates
are based upon a uniform coating and non-replenishment of the moist air within the
immediate vicinity of the purge bag.
The worst case temperature and relative humidity environment imposed as a design
requirement for the system involves a moisture concentration of 63.5 grams of water
per cubic meter of air. A review of the NASA "Terrestrial Environment (Climatic)
Criteria Guidelines for use in Space Vehicle Development, " (Ref. 10), however,
reveals that the maximum moisture concentration recommended for design require-
ments for space vehicles is 27.0 grams per cubic meter of air. At this level of
moisture concentration, the relative humidity would only be 27% at 317'K (110°F).
This would correspond to only a .005 cm (.002 in) layer of ice on the bag for a 28.3
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NOTES: 1. Prelaunch Condition
2. Bag External Surface Heat Transfer Coef - 22.6 w/m2 -°K (4.0 Btu/hr-ft2 -°R)
3. External Ambient Temperature = 278°K (400F)
4. Helium Gas Purge
;i ! (1) He Gas Flow 0 Vol/hr - Resulting Tank Avg. Heat Rate = 424 w/m2 (134 Btu/hr-ft2 ) :I
(2) He Gas Flow = 10 Vol/hr -ResultingTankAvg. Heat Rate = 426w/m2 (135 Btu/hr-ft2 ) 
I:i 1,I (3) He Gas Flow = 100 Vol/hr - ResultingTankAvg.HeatRate= 446w/m2 (142 Btu/hr-ft2 ) '
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Figure 24. Predicted Purge Bag and Purge Gas Temperatures
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Figure 26. Purge Bag Predicted Ice Thickness
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m3 (1000 ft3 ) free space volume. This thickness of ice formation as a worst case is
considered insignificant.
Figures 27 through 32 present the results of the comparative thermal analysis of the
nitrogen purge gas in conjunction with a foam substrate. Presented are the results for
1.27 cm (0.5 in) foam, 2.54 cm (1.0 in) foam, and 5.08 cm (2.0 in) foam for prelaunch
(Figures 27, 28 and 29) and post flight (Figures 30, 31 and 32) conditions. Figure 33
presents a typical thermal gradient from the nitrogen purge gas foam substrate
comparison analysis. Examination of Figures 27 through 32 indicates that the purge
bag minimum temperature prior to launch would be 275°K (350 F). Thus, no condensation
(dew point of ambient gas = 2220K (-600 F)) would occur prior to launch. For the post
flight condition, the purge bag minimum temperature prediction is 281°K (46 0F).
Freezing of moisture would not occur, but condensation on the bag would occur. Under
worst case design conditions, post flight condensation occurs on the purge bag, after
the purge bag temperature falls to 1°K (1. 8F) below the surrounding ambient gas (air)
temperature. Thus, condensation cannot be eliminated without considering more
complicated techniques. Figures 27 through 33 show that once a foam substrate is
added, little benefit is achieved by increasing the thickness. This is because the
majority of the increased thermal resistance results from the change of purge gas
from Helium to Nitrogen (see Figure 33 for a comparison of thermal gradients for
each foam thickness considered). Care would have to be exercised in the selection of
a specific foam substrate as to thermal conductivity and thickness to preclude
liquifaction of Nitrogen in the inner layers of the MLI.
3.5.4 CONCLUSIONS AND RECOMMENDATIONS. The following conclusions and
recommendations are derived from the above analysis:
1. The use of helium as a purge gas is satisfactory for prelaunch operation.
2. H 2 0 condensation occurs for all post flight conditions considered. This
conclusion is independent from type of purge gas and substrate combination.
3. The use of helium as a purge gas can result in freezing on the bag external
surface during post flight operation. The amount of ice that would be formed
with worst case environmental conditions (317"K (110°F @ 95% RH) is 0.0152
cm (0.006 in) for a 28.3 m3 (1000 ft3 ) free space. If Reference 10 relative
humidity values are assumed, predicted ice thickness is reduced to 0.005 cm
(0.002 in).
4. The use of nitrogen purge gas in conjunction with a foam substrate provides
satisfactory prelaunch performance.
5. The nitrogen-foam combination permits condensation on the purge bag but no
freezing during post flight operation.
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NOTES: 1. Prelaunch Condition
2. Bag External Surface Heat Transfer Coef = 22.6 w/m2 -°K (4.0 Btu/hr-ft2-°R)
3. External Ambient Temperature = 2780K (40°F)
4. Nitrogen Purge Gas
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it:ti !T - PURGE BAG TEMPERATURE tl LOCATION -
- - - - - PURGE GAS TEMPERATURE T 4 
I1ri *i iM
2970 !~i f. i4; I '
X 'iLq '~2i ui~ ,: - - _c-t Ii t '.t. I !-i' H'!ii ::-i; ~.
.. , ~ ?~I..~ .......90 . •I 
' 290 ,!LT()NIasFoY1t... .r,-:in . 9T '/m ... 24. Temp 
:
275
280 = 289°K (60 F)
(N se in iig' Tn v Ht
265 ... " tr:'.' '' 'I-~ 7T'T _*T "
(1) N 2 Gas Flow = 0 Vol/hr - Resulting Tank Avg. Heat Rate - 76.5 w/m2 (24.3
2 (2) N2 Gas Flow = 10 Vol/hr-Resulting Tank Avg.Heat Rate, = 76.9 w/m2 (24.4
(3) N2 Gas Flow = 100 Vol/hr-Resulting Tank Avg. Heat Rate = 81. 1 w/m2 (25.7
Btu/h r-ft2 )
Btu/hr-ft2 )
Btu/hr-ft2 )
_T ,ti-, 7-i V:
RELATIVE POSITION
Figure 27. Predicted Purge Bag and Purge Gas Temperatures
NOTES: 1. Prelaunch Condition
2. Bag External Surface Heat Transfer Coef - 22.6 w/m2 -'K (4.0 Btu/hr-ft 2 -°R)
3. External Ambient Temperature = 2780K (40°F)
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Figure 28. Predicted Purge Bag and Purge Gas Temperatures
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NOTES: 1. Prelaunch Condition
2. Bag External Surface Heat Transfer Coef = 22.6 w/m2 -°K (4.0 Btu/hr-ft2 -°R)
3. External Ambient Temperature = 2780K (400F)
4. Nitrogen Purge Gas
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Figure 29. Predicted Purge Bag and Purge Gas Temperatures
NOTES: 1. Post Flight Condition
2. Bag External Surface Heat Transfer Coef = 5.67 w/m2 -oK (1.0 Btu/hr-ft2 -°R)
3. External Ambient Temperature = 2780K (400F)
4. Nitrogen Gas Purge
5. 1.27 cm (0. 5 in) Foam Substrate
6. Environmental Radiation Temperature - 3670K (2000 F)
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Figure 30. Predicted Purge Bag and Purge Gas Temperatures
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Figure 31. Predicted Purge Bag and Purge Gas Temperature
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Figure 32. Predicted Purge Bag and Purge Gas Temperatures
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6. A detailed analysis must be conducted on specific foam degraded thermal
conductivities if a foam substrate is selected. Ultimate selection of a
particular foam would most likely be based upon factors other than thermal
performance.
7. Purge gas continuous flow is not recommended except to maintain bag
pressurization. Purge bag minimum temperatures are only slightly affected
by flow rates up to 100 vol/hr. The 100 vol/hr corresponds to 22.7 Kg/hr
(50 lbs/hr) of helium and 159 Kg/hr (350 lbs/hr) of nitrogen.
3.6 PRESSURIZATION AND PURGE CONTROL SYSTEM
3.6.1 SUBSYSTEM DEFINITION AND EVALUATION. The vent and repressurization
system for the MLI enclosure consists of the seven subsystems shown in Figure 34.
The function and description of each subsystem, with the exception of the distribution
subsystem and vent control subsystem, is defined in the following sections.
Flow Control.
ysteb Subsystemy
Figure 34. Airborne Vent and Repressurization Subsystems
3.6.1. 1 Gas Storage Subsystem. The gas storage subsystem is used to repressurize
the MLI enclosure during reentry, and maintain the enclosure pressure until a ground
gas source can be connected. The subsystem consists of the following:
1. A pressurized container capable of storing the required quantity of gas at
specific conditions, for the required amount of time.
2. A fill and vent connection with which to fill the container with gas or
remove the gas from the container during ground operations and preflight
preparations.
3. A feed connection through which gas is supplied to the pressurization system.
4. A pressure limiting device to assure that pressure of the stored gas does
not exceed a safe limit during flight.
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5. Instrumentation to measure gas temperature and pressure so that the
quantity of stored gas can be verified.
6. Thermal conditioning or protection equipment required to establish or
maintain the proper condition of the stored gas and protect the subsystem
components from severe environmental temperature effects.
Figure 35 presents a schematic representation of the gas storage subsystem.
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Figure 35. Gas Storage Subsystem
Evaluation
The cost and weight of the gas storage subsystem will vary as a function of storage
pressure and temperature. The options to be evaluated in the selection of a gas
storage approach are shown below. These options were selected because they are
representative of systems commonly in use.
1. Warm temperature 277° K to 2940 K (40°F to 70°F), high pressure 17.2 Mn/m2
to 24. 1 Mn/m2 (2500 to 3500 psia).
2. Cold temperature 20°K to 77.6°K (-423°F to -320°F), high pressure
17.2 Mn/m2 to 24.1 Mn/m2 (2500 to 3500 psia).
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3. Liquified gas 10°K to 40K (3°R to 7°R), low pressure 103 Kn/m2 to 3.45
Mn/m2 (15 to 500 psia).
Discussion
The gas storage temperature and pressure not only affect cost and weight of the storage
subsystem, but also affect the gas feed and gas conditioning subsystems as outlined below.
Effect on Gas
Opt- Conditioning
ion Effect on Storage Subsystem Effect on Feed Subsystem Subsystem
1 1. No thermal conditioning of 1. High pressure rated No heating to
container required. components. minimal
2. High pressure rated 2. Large pressure reduction. heating.
components. 3. Minimal thermal
3. Less exotic thermal protection.
protection. 4. May require recirc.
4. Larger container volume. system.
2 1. Thermal conditioning of 1. Low temp. and high press. Heating
container may be required. rated components. definitely
2. Low temp. and high pressure 2. Large pressure reduction. required.
rated components. 3. Thermal protection to
3. More exotic thermal prevent icing.
protection.
4. Smaller container volume.
5. Expansion gas losses.
3 1. Dewar or superinsulating 1. Very low temp. and low Maximum
equipment required to pressure rated components. heating
thermally protect container. 2. Problems of liquid feed required.
2. Very low temp., low press. at zero-g.
rated components.
3. Minimum container volume.
4. Boiloff losses.
3.6.1.2 Gas Feed Subsystem. The pressurization gas feed subsystem isolates the
gas storage subsystem from the pressurization control system until the system is
placed in operation. The feed subsystem then initiates and maintains the flow and
pressure gas to the pressurization system. The subsystem consists of the following:
1. A positive leak proof shut-off device at the feed connection of the gas
storage subsystem which is opened by remote control to allow stored
gas to flow to the pressurization system.
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2. A pressure control device to reduce and regulate the pressure of gas
supplied to the pressurization control system.
3. If recirculation systems are considered, the feed system would include
the compressor, compressor drive and controls required to accomplish
the work necessary to recirculate the pressurization gas.
4. A ground purge supply connection which will separate and close at launch.
Figure 36 presents a schematic drawing of a typical gas feed subsystem.
ZERO G LIQUID GAS FEED
GAS STORAGE CONTROL (OPTIONAL WITHSUBSYSTEM LIQUID GAS STORAGE)
ISOLATION
SHUTOFF GAS CONDITIONING
VALVES SUBSYSTEM
GROUND
SUPPLY l
DISCONNECT I PRESSURE AND DIRECTIONAL
FLOW CONTROL DEVICES
BLEED FLOW CONTROL
SUBSYSTEM
ECIRCUI
SUBSYS]
(OPTIOI
SUPPLY FLOW CONTROL
SUBSYSTEM
LATION
rEM
NAL)
Figure 36. Gas Feed Subsystem
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Evaluation
The complexity and weight of the gas feed subsystem is dictated by the conditions
imposed by the gas storage subsystem.
The total amount of gas required for a mission must be minimized as this can ultimately
dictate the system configuration. For example, if a relatively small amount of gas is
required per mission, the simplicity and low cost of a warm temperature storage system
would probably lead to its selection. If a very large amount of gas is required, a trade
off must be made between a cold temperature or liquid gas storage system versus use
of warm gas storage in conjunction with a recirculation system.
3.6.1.3 Gas Conditioning Subsystem. A gas conditioning subsystem, if required,
provides a means of controlling the temperature of the gas supplied to the pressuriza-
tion control system. This may include heating or cooling of gas supplied through the
feed subsystem in order to control the temperature of the purge enclosure, or to
minimize the boiloff of tank residuals.
The following types of heaters could be considered.
1. Electric heater.
2. Hot gas heat exchanger (ram air or engine exhaust).
3. Hot structure or compartment as heat source.
4. Hot engine functions.
3.6.1.4 Supply Flow Control Subsystem. The supply flow control subsystem, as
shown in Figure 37, controls the mass flow rate of gas supplied to the enclosure.
Gas Feed Subsystem
Output at required Purge
Temperature and Distribution
Pressure Subsystem
Flow Control
Element
Figure 37. Supply Flow Control Subsystem
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This may be accomplished by one of the following methods:
1. Supply gas continuously to the enclosure at a constant flow rate. This
approach would consist of a flow metering device.
Gas str ut
Feed Subsystem
Fluid Metering
Device
APPROACH #1
2. Supply gas to the bag at a constant flow rate which is turned on when
differential pressure across the enclosure wall reaches the lower limit
of operating pressure and is turned off if the upper limit of operating
pressure is reached. This system would consist of the following elements:
a. A flow metering device.
b. A flow shutoff device powered by electric or pneumatic amplification
of the output signal from a differential pressure sensing device.
A Signal 
SC | Amplifier Sensor
Gas istributio
Feed Subsystem
Fluid Metering
Shutoff Device
Valve
APPROACH #2
3. Supply gas to the enclosure at a variable flow rate inversely proportional to
the differential pressure across the enclosure wall. This would consist of
a pressure sensing proportional control device which would operate a flow
control valve.
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Subsystem
Flow Control
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Evaluation
1. Approach No. 1 is the simplest approach for controlling the supply flow to
the enclosure. It has several disadvantages, however, with respect to the
overall system.
a. An excessive quantity of gas would have to be stored because the
supply to the enclosure would be continuous once the gas feed
system was activated.
b. A pressure control system is still required to regulate the bleed
flow rate.
c. A single fixed flow supply may not be satisfactory to meet flow
limitations for all phases of operation.
2. Approach No. 2 provides a desirable refinement of Approach No. 1 by
adding a pressure controlled shutoff device. This allows the system to
conserve the use of gas by stopping the flow when the enclosure differential
pressure reaches the maximum operating limit and turning the flow on again
once some lower limit of differential pressure is reached.
Approach No. 2 has two primary failure modes.
a. Failure of a shutoff valve to open would result in enclosure collapse,
enclosure icing and entry of air and moisture into the enclosure.
b. Failure of a shutoff valve to close would result in overpressurization
of the enclosure.
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The latter problem would be avoided by installing overpressure relief
devices on the enclosure. The former problem could be improved by
use of redundant shutoff devices.
For the single valve system the use of a normally open valve would reduce
the probability of a closed valve type failure, however, the use of a normally
closed valve is desirable in that it provides dual isolation of the enclosure
from the storage system in conjunction with the feed system isolation shutoff
device.
Approach No. 2 has the advantage of mechanical simplicity and good response
time with long range remote sensing capability. Its primary disadvantage is
that it requires electrical power and avionics to control its function. Analysis
of this bang-bang control system is required to verify its stability during the
repressurization phase.
3. Approach No. 3 is a differential pressure regulator which consists of a direct
pneumatic sensing/pressure operated controller and a pilot operated flow valve.
Although Approach No. 3 is more complex mechanically, it requires no elec-
trical power or avionics to operate or control its function. Its self contained
active features prevent inadvertent deactivation due to power failure or human
error. It can also be used in more severe temperature environments with
minimal thermal protection, thus making long range remote sensing unneces-
sary.
The problem with this approach is that a unit especially designed to operate
with the specific pressure differential required for this application is
probably not readily obtainable. A probable source for this type of unit
would be manufacturers of aircraft cabin pressurization control equipment.
It is assumed that a suitable unit can be obtained by modification of an
existing design.
4. The nature of the repressurization repressurization system does not
warrant the use of a high powered supply flow control subsystem such as
a computer controlled servo-actuated flow control valve with position feed-
back. Power requirements for operating the system are small due to the
low pressure and flow requirements. Power amplification can therefore
be confined to reasonably low levels such as are available with 28 volt DC
control circuits, or low pressure fluid amplifier stages.
3.6.1.5 Bleed Flow Control Subsystem. The bleed flow control subsystem allows a
flow of gas to exhaust from the enclosure as required for the following operations.
1. Allow purge gas to circulate through the enclosure for drying or conditioning
the MLI prior to tanking.
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2. Allow pressurization gas to circulate through the enclosure if required to
control enclosure external surface temperature.
3. Relieve excessive buildup of pressure inside the enclosure due to heating
effects on the bag during entry or sudden rise in altitude during landing
approach.
The bleed flow area must be compatible with ground purge flow, repressurization flow
and volumetric rate of control of gas in the enclosure due to heating effects during entry.
The bleed flow control subsystem is shown schematically in Figure 38.
MEnclosIEnclosure
Vent overboard or
Return to Feed System
Flow Control
Element
Figure 38. Bleed Flow Control Subsystem
Bleed flow control may be accomplished by the use of one of the following approaches.
1. Vent gas continuously overboard through a constant area bleed port. This
would consist of an overboard vent tube with a manually adjustable fluid
metering device.
Adjustable
Fluid Metering
Device
APPROACH #1
2. Vent gas overboard at a rate proportional to the differential pressure
across the enclosure. This may consist of a pressure sensing propor-
tional control device which would operate a flow control valve or a
differential pressure operated vent valve.
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Shutoff Fluid Metering
Valve Device
APPROACH #2
3. Employ a constant area bleed port with a normally closed shutoff valve. The
valve would open by electric or pneumatic amplification of the output signal
from a differential pressure sensing device to allow bleed flow of gas when
enclosure AP increased to a certain limit.
Pressure
Sensing I- AP
Controller 
I
I
Pilot
Pressure
Valve
APPROACH #3
4. Add to Approaches 1, 2 or 3 a parallel flow control valve operated by a
control signal generated by a temperature sensor on the outer surface of
the enclosure. This would create additional flow through the enclosure to
control temperature of enclosure surface. V
This approach is only feasible if used in conjunction with a variable flow
supply sys tem.
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I
I
Temperature
r Sensing
I
Temperature
Controller
Pilot
Pressure
Approach System
#1, #2 or #3
APPROACH #4
The bleed flow control systems are provided for normal system operations. Safety
pressure relief devices which would vent off excessive pressure to prevent the en-
closure from rupturing will either be part of the bleed control, vent control or en-
closure structure subsystems.
The bleed flow control system may also be an integral part of the vent control sub-
system or the gas feed subsystem.
Evaluation
The bleed flow control subsystem cannot be evaluated independently of the supply flow
control subsystem because the two subsystems must be compatible to obtain proper
operation of the repressurization system. The following pairings have been evaluated
as integral systems to show their interdependence.
1. Bleed Approach No. 1 is a constant area constant flow subsystem. The area
can be adjusted to establish the proper enclosure AP while the supply flow
is set at the maximum continuous ground purge flow rate. This flow setting
would be maintained throughout pre-tanking, tanking and countdown. During
tanking, the enclosure AP would decrease due to contraction of the purge gas
inside the enclosures, however, this AP reduction would not be sufficient to
allow bag collapse.
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I
During ground operations, the pressure ratio across the adjustable flow
area would be subcritical. During entry maneuvers, this pressure ratio
would be critical. It would, therefore, not be feasible to use a continuous
flow supply flow control subsystem (supply flow control approach no. 1)
with this type bleed subsystem, as it would result in overpressurization
of the enclosure during entry.
Supply flow control approaches no. 2 or no. 3 could be used in conjunction
with a constant area, constant flow bleed subsystem since they employ a
means of interrupting the supply flow when enclosure pressure becomes too
high.
Bleed approach no. 1 is undesirable as an open system because it permits
a continuous loss of gas if vented overboard. This would require a pro-
hibitively large amount of gas to be carried on board for repressurization.
Approach no. 1 could only be used in conjunction with a close loop recircu-
lation system.
2. Bleed approach no. 2 adds a AP pressure operated shutoff feature to bleed
approach no. 1. Approach no. 2 would function as a pressure relief valve
for a tight bag system to allow continuous flow from the enclosure when
some AP limit was reached.
For pre-tanking purge, the enclosure AP would be raised until the bleed
shutoff valve opened. If Supply Approach No. 3 is used, the supply flow
control valve could be locked open by closing a shutoff valve in the pressure
sensing line.
After pre-tanking purge, the supply flow control valve would be returned to
the active mode to maintain enclosure pressure during tanking and launch.
The bleed shutoff valve would close when bag AP bled down to the bleed
valve shutoff pressure.
During entry, the bleed shutoff valve would function only if the upper limit
of bag AP was reached. The supply flow control subsystem would repres-
surize the enclosure and maintain the proper AP until safing operations were
initiated.
Bleed approach no. 2 has advantages and disadvantages similar to those
described for supply flow control approach no. 2.
It would not be feasible to use bleed approach no. 2 with supply approach
no. 1 because of its fixed flow area feature.
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3. Bleed approach no. 3 would operate similar to bleed approach no. 2, and
has the same advantages and disadvantages as described for supply flow
control approach no. 3.
Bleed approach no. 3 could be used, with supply flow control approach no. 1
because of its variable flow characteristic. However, this approach is not
feasible as an open system, because of the excessive amount of gas which
would have to be carried on board for repressurization.
4. Bleed approach no. 4 could be considered if it became necessary to control
bag temperature by purging the enclosure with warm gas. Increased flow to
the enclosure would be initiated by supply flow approach no. 2 or no. 3 when
the bag AP dropped due to opening the temperature controlled bleed valve.
This approach could result in excessive gas usage unless employed in
conjunction with a recirculation system.
3.6.1.6 Pressurization and Control Subsystem Conclusions and Recommendations.
1. Open bleed repressurization systems should be avoided in order to minimize
the amount of gas to be carried on board. Only tight bag design concepts will
be developed.
2. Tight bag low flow repressurization systems will not prevent moisture from
condensing on the external surface of the bag because the gas inside the bag
will chill down due to contact with the propellant tank.
3. As a result of the preliminary subsystem design study and analysis, several
questions concerning overall system operation have arisen which must be
answered during subsequent phases of the study.
a. How long can enclosure remain. unpressurized after loss of blanket
purge supply, before a drying cycle is required ?
b. Is a gas sample dew point test adequate to evaluate the need for a
drying cycle ?
c. How long must hot gas drying purge be run-to properly condition the
MLI?
d. How long must GHe pre-tanking purge be run in order to evacuate GN2 ?
e. What are the enclosure leakage characteristics ?
f. What are the purge flow requirements during propellant tanking ?
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g. Are there any effects of MLI electrostatic charge on (1) MLI collapse
or (2) RF interference?
h. What is the correlation between boiloff rate and degree of MLI dryness
and venting ?
3.6.2 DESIGN CONCEPTS. The two basic approaches to pressurization and purge
control for the MLI enclosure are depicted as concepts 1 and 2. The control logic dia-
grams provide a concept of control circuit requirements for an operational flight
system associated with concepts 1 and 2.
A basic high pressure, warm temperature gas storage subsystem is shown for each
concept. The tight bag approach minimizes gas storage capacity, thus allowing use
of an ambient temperature storage subsystem. Estimated capacity for the 87 inch
test tank, for example, would be as follows:
For a fully pressurized purge bag at ground level with LH2 tanked, the weight
of helium gas in the enclosure would be approximately
W = P where P = 103 kN/m2 (15.7 psia)RT
VB = 1.98 m3 (70 ft3 )
R = 212 m/oK (386 ft/°K)
W = .68 kg (1.5 lb) T = 155.6°K (2807R) (assumed average)
With a margin of two (2) bag volumes to allow for leakage and go-around venting,
then 1.36 kg (3 lb) of usable helium would be required.
Assuming a storage container rated at 24. 1 MN/m2 (3500 psia) and 338.6 ° K
(150°F) maximum with an assumed residual of 1.35 MN/m2 (200 psia) at 199.8° K
(-100°F) then the useful weight of gas
Vc P1 P2W c 1 
u R T1 T2
and the storage container capacity would be
W R
u
V =
c P1 P2
T1 T2
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V = .043m3 (2620 in3 )
C
The empty weight of a spherical titanium alloy, uninsulated storage bottle to meet
the above requirements is approximately 10.4 kg (23 lb).
A screening analysis, presented in Figures 39 and 41, shows both concepts 1 and 2 to
be nearly equal in rating. Concept 2, because of its lower weight and higher reliability
rating, proved to be consistently higher in overall rating than concept 1 when subjected
to the analysis.
3.6.2.1 Concept 1.
Operational Sequence
1. Erection
A. The blanket GN2 purge supply connected to the system at disconnect 12
is disconnected from the facility source in preparation for moving vehicle
to the erection area. It is then connected to a portable source or left dis-
connected until after erection. *
B. The vehicle is towed to the erection area and erected with either no blanket
purge supply connected or with a portable unit on board to maintain the
blanket purge.
C. After erection and mating of the rise-off disconnects the GSE helium supply
pressure is brought up for leak test of the rise-off disconnect, after which
the supply is reduced to zero.
D. The blanket purge supply may be transferred to a launcher supply after
erection, in preparation for transport to the launch pad.
2. Launch Preparations
A. The GN2 blanket purge supply is maintained during transport to the launch
pad.
B. After the vehicle is in place on the launch pad, the GN2 blanket purge GSE
system is disconnected and the GSE helium supply pressure is brought up
in preparation for launch readiness checks.
* One item to be determined is how long the enclosure will remain impervious to
moisture with the blanket purge disconnected.
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ITEM DESCRIPTION ITEM DESCRIPI
I GAS STORAGE CONTAINER 11 ORIFICE
2 TEMPERATURE TRANSDUCER 12 BLANKET PU
3 PRESSURE TRANSDUCER 13 SOLENOID SIT
4 RELIEF VALVE-HIGH PRESSURE 14 ADJUSTABLE
5 SOLENOID SHUTOFF VALVE 15 AP PRESSU]
6 RISE OFF DISCONNECT 16 6P PRESSUJ
7 LOW PRESSURE REGULATOR
4 LOW PRESSURE RELIEF VALVE
9 3-WAY SOLENOID VALVE
10 CHECK VALVE
VENT OVERBOARD
- _
t.-_(- (
jI
TION
JRGE DISCONNECT
IUTOFF VALVE
E ORIFICE
RE SWITCH
RE SWITCH
Figure 39. Concept 1. Electrically Operated Purge, Pressure, and Repressurization Control System
Open Feed Valve
(Valve 5 Ref. )
Open Supply Valve
(Valve 9 Ref. )
Open Bleed Valve
(Valve 13 Ref. )
Figure 40. Concept 1, Control Logic
I
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OSE SUPPLY
DESCRIPTION ITEM DESCRIPTION
S STORAGE CONTAINER 10 ORIFICE
MPERATURE TRANSDUCER II PRESSURE REGULATING VALVE
ESSURE TRANSDUCER 12 PRESSURE RELIEF VALVE
4 I!GIl PRESSURE RELIEF VALVE
5 SO.ENOID SIIUTOFF VALVE
6 RLSE OFF DLSCONNECT
7 LOi! PRESSURE REGULATOR
8 l.OV PRESSURE RE:LIFE VALVE
9 3-WAY, Z POSITION
SOI.ENOID VALVE
Figure-4i. Concept 2, Electrically Activated Pressure Operated Purge,
Pressure and Repressurization Control System
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VENT
OVERBOARD
Close Vent
Open Feed Valve
(Valve 5 Ref. )
.Open Supply Valve
(Valve 9 Ref. )
_ 11 !-J4 V.Close Supply Valve
(Valve 9 Ref. )
Closed
Lock Open Supply
Flow Control Valve
ip/ (Valve 11 Ref. )
Figure 42. Concept 2 Control Logic
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System
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C. The airborne system is activated and remains activated until start of stand-
by operations. While activated, solenoid valve 9 will be energized open on
signal from pressure switch 15 when enclosure AP becomes too low. The
valve will be de-energized to the shut-off position when enclosure AP reaches
the upper limit of pressure switch 15. Solenoid valve 13 will remain closed
unless a malfunction occurs to cause enclosure AP to rise to the upper limit
of pressure switch 16. Valve 13 would then open to relieve excess pressure
and close when bag AP drops to the lower limit of pressure switch 16.
D. At start of standby operations, a signal is sent to energize valve 9 and
valve 13 open. The MLI and enclosure are continuously purged with helium
from the GSE purge supply for some predetermined time. During this period
the airborne repressurization gas storage container 1 is charged by sending
a signal to energize valve 5 open. During the charging cycle the amount of
gas loaded is monitored by outputs from transducers 2 and 3. Charging may
be interrupted by de-energizing valve 5 to prevent over-heating of the storage
container.
E. At the, conclusion of pre-tanking purge, the system is placed in standby
status by de-energizing valve 9 and valve 13 and allowing them to be active
with pressure switches 15 and 16. This permits the internal system to main-
tain a helium blanket purge of the MLI until start of tanking. Check valve 10
prevents enclosure pressure from venting out of the exhaust port of valve 9
when the valve is de-energized.
F. At start of tanking, valves 9 and 13 may be energized and the MLI enclosure
continuously (or periodically) purged if required to prevent excessive chilling
of the purge bag. This condition is maintained throughout tanking and count-
down or on pad abort and detanking.
G. At liftoff the enclosure vent is opened and the system is deactivated.
Valves 5, 9 and 13 remain closed. Valve 9 opens the inlet port to atmos-
phere to provide positive isolation of the enclosure from the gas storage
system. Relief valve 4 provides a safety relief of storage gas pressure
in the event of overpressurization during ground or flight operations. Re-
lief valve 8 protects the enclosure from overpressurization during purging
operations in the event of failure of pressure reducing regulator 7.
3. Flight
A. For entry preps or inflight abort, the repressurization system is activated
in the following sequence.
(1) Enclosure vent closed.
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(2) Solenoid valve 5 energized open.
(3) Solenoid valves 9 and 13 are active with pressure switches 15 and 16.
Valve 9 opens to repressurize the enclosure. Valve 9 closes when the upper
limit of bag AP is sensed by pressure switch 15.
During entry, if heating results in expansion of the enclosed gas, pressure
switch 16 will sense a high AP condition and cause valve 13 to energize open
to relieve excess pressure.
Orifice 11 is sized to limit the input flow rate to the desired level. Orifice 14
is set up to maintain a proper bag AP level during pre-tanking and tanking
purge, and must also provide adequate flow area to meet pressure relieving
requirements.
B. The repressurization and pressure control cycle will automatically continue
throughout entry and landing operations. This "tight bag" concept minimizes
gas storage requirements for flight because it limits gas losses to leakage
losses and pressure relieving losses.
The determination of the flow capacity of the system is complex and will
ultimately have to be established during the development test phase. The
flow analysis must take into account the following factors.
(1) Maximum rate of atmospheric pressure increase during entry.
(2) Rate of expansion and contraction of the bag due to heating and cooling,
pressurization and depressurization.
(3) Rate of temperature change of the bag gas volume.
(4) Total leakage rate of the enclosure.
(5) Pressurization system response.
4. Turnaround
A. A ground helium supply would be connected at disconnect 6 after the vehicle
has landed and been towed to a safing area. This would permit the helium
blanket purge to be maintained by the airborne system until propellant re-
siduals are drained and tank purging is complete. The GN2 blanket purge
would then be connected at disconnect 12, the airborne system de-activated
and the ground helium supply disconnected after venting residuals from the
gas storage container 1.
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,B. The GN2 blanket purge is maintained throughout the maintenance cycle
except during system checkout when a GSE helium supply is connected
for leak checks and flow checks. Checkout ports will be provided to run
checkout of regulators, relief valves and pressure switches in place.
CONCEPT 1 - FAILURE AFFECTS ANALYSIS
Part Description Failure Mode Failure Affect
(9) Three way, two posi- 1. Fails to open Bag collapse on
Supply tion, low pressure, A. Electric short entry
shutoff solenoid actuated to B. Broken wire
valve open position, spring C. Excessive friction
actuated to closed/ D. Improper coil gap
vent position, poppet E. Failure in control
type valve. circuit (other than
pressure switch)
2. Fails to close Depletion of supply
A. Control circuit gas and bag collapse
failure (other than on entry
pressure switch)
B. Broken spring
C. Stuck poppet
3. Internal leakage Depletion of supply
A. Seat damage gas and bag collapse
on entry
(10) Check Spring loaded pressure 1. Internal leakage Increase cycling rate
valve operated, in line type, A. Stuck poppet of supply valve, in-
low pressure. B. Seat damage creased gas usage,
possible bag collapse.
2. Fails to open Bag collapse on entry.
A. Stuck poppet
(11) Fixed area sharp edge 1. Orifice passage clogs Bag collapse on entry.
Orifice in line type A. Contamination
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CONCEPT 1 - FAILURE AFFECTS ANALYSIS (Continued)
Part Description Failure Mode Failure Affect
(13) Two way, two position, 1. Fails to open Bag yields or burst
Bleed low pressure, solenoid (same as valve 9) disk breaks. Bag
shutoff activated to open posi- collapse.
valve tion, spring loaded to 2. Fails to close Depletion of supply gas
closed position. (same as valve 9) and bag collapse.
3. Internal leakage Gradual depletion of
(same as valve 9) supply gas and possible
bag collapse on entry.
(14) Manually adjustable 1. Flow passage clogs Bag yields or burst
Adjustable flow area, non-shutoff shut disk breaks.
orifice type, low pressure A. Contamination
in-line
(15) Differential pressure 1. Switch fails to make Depletion of supply gas,
Pressure sensing, closes circuit on increasing bag collapse on entry
switch, on increasing AP, opens pressure
supply circuit on decreasing
control AP 2. Switch fails to break Bag collapse on entry
on decreasing
pressure
(16) Differential pressure 1. Switch fails to make Bag yields or burst
Pressure sensing, closes circuit on increasing disk breaks
switch, on increasing AP, opens pressure
bleed circuit on decreasing
control AP 2. Switch fails to break Depletion of supply gas,
on decreasing bag collapse
pressure
3. 6. 2. 2 Concept 2.
Operational Sequence
1. Erection
A. In preparation for erection, the MLI enclosure is purged to a standby condi-
tion by connecting a GSE helium supply to the rise-off disconnect 6. With
valve 9 shuttled to the charge position, pressure regulating valve 11 will
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flow helium to the purge distribution subsystem until the bag AP increases to
the upper operating limit. The pilot controller of valve 11 gradually opens
as AP increases to allow pilot pressure to close the flow control stage of the
valve. By energizing the solenoid on valve 11, the sensing pressure to the
pilot controller is shut-off which allows the flow control stage to remain open.
Bag AP increases until the pilot controller of relief valve 12 opens to allow
pilot pressure to open the flow control stage of the relief valve, resulting in
continuous flow through the bag.
Orifice 10 is sized to limit the purge flow to the level compatible with purging
and repressurization requirements.
B. After purging for the proper interval of time, valve 11 solenoid is de-ener-
gized, valve 11 closes, bag AP bleeds down until valve 12 closes. Valve 11
then actively regulates the bag AP to the preset level of its controller.
C. Gas storage container 1 is charged to a safe level during the purge operation
by energizing valve 5 open. Prior to towing the vehicle to the erection area,
the GSE supply is disconnected and valve 5 is opened. The internal system
regulates bag pressure until after erection and mating of the rise-off
disconnects.
D. The GSE helium supply pressure is brought up and the rise-off disconnect
leak tested. Valve 5 is de-energized, and a helium standby blanket purge is
maintained by the internal system,on ground supply until tanking.
2. Launch Preparations
A. During standby operations, the gas storage container is charged to the flight
level by opening valve 5 and monitoring transducer 2 and 3.
B. At start of tanking, valve 11 solenoid may be energized to lock the valve open
and cause pressure relief valve 12 to open. A flow through the bag can be
maintained continuously (or intermittently) if required to prevent excessive
chilling of the purge bag.
C. At liftoff, the enclosure vent is opened and the system is deactivated. Valve
5 is closed and valve 9 is shuttled to the vent position to isolate the purge
bag from the gas storage system.
3. Flight
A. For entry preps or inflight abort, the re-pressurization system is activated
in the following sequence.
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(1) Enclosure vent closed.
(2) Solenoid valve 5 energized open.
(3) Solenoid valve 9 shuttled to the charge position.
Pressure regulating valve 11 allows bag AP to rise to the preset level of its
controller then remains locked until AP drops to create a flow demand.
Pressure relief valve 12 will open to relieve excess pressure in event of
supply system malfunction or pressure buildup due to heating effects.
4. Turnaround
A. At start of safing operations, a ground helium supply is connected to dis-
connect 6. The internal system maintains a helium blanket purge until pro-
pellant tank purging is complete. The airborne gas storage container is
charged to a safe level and is used to supply helium to the system while the
vehicle is towed to the maintenance area.
B. At the maintenance area, a GSE system is connected to disconnect 6. The
gas storage container is vented, valve 5 is closed and a GSE GN2 blanket
purge is connected at the vent port of valve 9. Valve 9 is shuttled to the vent
position and the GN2 blanket purge is maintained at a pressure below the
closing AP pressure of valve 11.
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CONCEPT 2 - FAILURE AFFECTS ANALYSIS
Part Description Failure Mode Failure Affect
(9) Three way, two posi- 1. Fails to open Bag collapse on entry
Supply tion, low pressure, A. Electric short
Shutoff electrically actuated B. Broken wire
valve to open position, C. Excessive
electrically actuated friction
to closed/vent D. Improper coil
position. gap
E. Failure in con-
trol circuit
2. Fails to close None. This is a back-
(same as 1 above) up to the gas feed valve
3. Internal leakage None
CONCEPT 2 - FAILURE AFFECTS ANALYSIS (Continued)
Part Description Failure Mode Failure Affect
(10) Fixed area, sharp 1. Orifice passage Bag collapses on entry
Orifice edge in line type clogs shut due to
contamination
(11) Normally open, pilot 1. Fails to close Depletion of gas supply
Supply operated, AP pressure A. Controller fails and bag collapse
flow regulating, locked open closed
control by energizing solenoid B. Control valve
valve to shutoff sense line to leaks
controller C. Control valve
stuck open
D. Solenoid fails
closed
1) Control circuit
failure
2) Excessive
friction
3) Broken spring
2. Fails to open Bag collapse on entry
A. Controller fails
open
B. Control valve
stuck closed
(12) Normally closed, 1. Fails to close Depletion of gas supply
Bleed pilot operated, AP A. Controller fails and bag collapse
flow pressure regulating open
control B. Control valve
valve stuck open
C. Control valve
leaks
2. Fails to open Bag yields or burst
A. Controller fails disk ruptures
closed
B. Control valve
stuck closed
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3. 6. 2. 3 Screening Analysis Rationale. The purge, pressure and repressurization
system concepts 1 and 2 have been evaluated with respect to the differences between
the two approaches. The following items were assumed as being identical for the
two approaches and were neglected.
1. Gas storage and feed system
2. GSE interfaces
3. Gas usage requirements
4. Interconnecting tubes and fittings
5. Number of operating cycles
The systems were evaluated with respect to the following criteria:
1. Weight. Weight considerations include the estimated weight of each mechanical
component plus a weight factor for associated electrical controls. The electri-
cal weight factor assesses a value of one (1) for each direct electrical input which
controls the function of the electromechanical component. The number of inputs
is derived from the control logic diagram for each concept, (Figures 40 and 42).
2. Cost. Each system component was rated as described below.
A. Failure Affect
Rating Cost of Failure
1 Minor: simple repair or part replacement
2 Significant: complex repair and costly part
replacement or drying cycle must be performed
3 Major: extensive repair and major part
replacement cost or launch delay
4* Mission abort
5* Loss of vehicle
* Ratings of 4 or 5 are not allowed in the design, but are mentioned
here to indicate that they have been considered.
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B. Hardware Availability
Rating Cost Attributed To
1 Readily available off the shelf or simple to
manufacture
2 Existing design, available on order with normal
lead time
3 Modification of existing design, new production
required to build to order, long lead item
4 New design, new make, long lead item
C. Hardware Producibility
Rating Cost Attributed To
1 Easy to manufacture and assemble and test
2 Some close tolerances or manufacturing problems
but simple to assemble and test
3 Precision parts and/or major manufacturing
problems with no major assembly and test
problems
4 Precision parts, major manufacturing problems,
difficult to assemble and inspect, complex test
set up and run
D. Maintainability
Rating Cost Attributed To
1 Can be maintained in place and is easy to remove
for maintenance with minor removal preparations
2 Can be maintained in place and requires special
preparations to remove or repair
3 Can be maintained in place with extensive prepara-
tions and precautions required to remove and replace
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4** Cannot be maintained in place
** A rating of 4 is not allowed in the design.
E. Maintenance Frequency
Rating Cost Attributed To
1 Only scheduled visual inspection required.
Checked out as part of system checkout.
2 Only periodic functional test or calibration
required in place in addition to normal system
checkout
3 Must be functionally tested or calibrated for
each turnaround cycle or replaced periodically
4 Must be replaced during each turnaround cycle
F. Qualification Testing
Rating Cost Attributed To
1 No qualification testing required
2 Minor qualification testing required
3 Must be tested to greater qualification levels
than previously tested
4 Complete qualification testing required
G. Complexity of Operation
Rating Cost Attributed To
1 Requires no external action to operate
2 Operational sequence is automatically controlled
with minimal manual action required to operate
3 Must be operated manually in proper sequence
or system damage or malfunction may occur
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The cost ratings for each component are multiplied together to obtain a cost
factor
C = AxBxCxDxEXFXG
The maximum cost factor is obtained by multiplying the maximum allowable
cost ratings together.
The system rating is obtained by multiplying the calculated values of
1
1 - c/c
max
for each component together. The lower the cost rating, the lower the cost
to produce, operate and maintain the system.
3. Reliability. Reliability factors will be assessed against each system component
as follows:
A. Failure Mode Criticality
Criticality Failure Affect
1 Will tend to fail in a mode which prevents system
malfunction.
2 Will tend to fail in a mode which would cause
system malfunction but not mission abort.
3* Will tend to fail in a mode which would cause a
mission abort.
4* Will tend to fail in a mode which would cause
vehicle loss.
* Criticality of 3 and 4 is not allowed.
B. Safety: System rating is obtained by multiplying component ratings.
Rating Safety Factor
1 Not hazardous to personnel or equipment during
operation.
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2 Potentially hazardous to personnel and equipment
during operation if misused by personnel.
3 Personnel must clear area during operation.
Hazard to equipment unlikely.
4 Potential catastrophic failure (not allowed).
C. Fail safe features: Total component ratings to obtain system rating.
Rating Fail Safe Features
1 No critical failure modes or completely redundant
design.
2 Redundant features for critical failure modes.
3 No redundancy for critical failure modes.
A critical failure mode is defined here as a failure mode which would
cause mission abort or vehicle loss. A rating of 3 is not allowed.
D. Service life: System rating is the sum of the component ratings.
Rating Service Life Factor
O = not applicable
1 = satisfactory
2 = Potential problem
Resistance to:
1) Wear
2) Corrosion
3) Human errosion
4) Deterioration of non-metallics
with age
5) Environmental dirt and solvents
E. Complexity of Design
The complexity factor anticipated for each component is derived by
assigning a value for each applicable item listed below. Complexity
of a component is the sum of the values assigned.
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Value
1) Built to standard machining tolerances 1
2) Three place tolerances less than .010 inch 2
total with finishes of 4 or greater
3) Four place tolerances less than .0010 inch 3
total with finishes of 16 or less
4) Special Tools required to assemble 1
5) Special lubricants required 1
6) Special seals required 2
7) Welding, brazing or soldering required 2
8) Special surface treatments or coatings 2
required on critical surfaces
9) Critical adjustments required 3
10) Electric wiring required 1
11) Special interface requirements 1
12) Special heat treat required 1
13) Special material required 1
14) Individual acceptance testing requires 3
temperature and/or vibration cycling to
verify functional capability
The reliability factors for each component are multiplied together to
obtain a component factor
R= AxBxCxDxE
The maximum component factor is obtained by multiplying the maximum
factors together.
The system reliability rating is obtained by multiplying the calculated
values of:
1 = R/R
max
for each component together. The lower the reliability rating, the less
reliable will be the system.
3-85
Component Number
Max. System
Evaluation Criteria Allow - () (1) Rating
able
1. Weight
A. Fluid system components 2. 50 0. 02 2. 50 2. 50
B. Electrical inputs 3 0 3 0 13. 52
Total 5. 50 0. 02 5. 50 2.50
2. Cost
A. Failure effect 3 2 2 2 2
B. Availability 4 3 1 3 3
C. Producibility 4 3 1 4 4
D. Maintainability 3 1 1 1 1 1. 1067
E. Maintenance frequency 4 1 1 2 2
F. Qualification testing 4 3 1 4 4
G. Complexity of operation 3 2 1 2 1
C=AxBxCxDxExFxG 6912 108 2 384 192
1 - C/Cmax 0 9844 .9997 .9444 .9722
3. Reliability
A. Failure Mode
B. Safety
C. Fail Safe
D. Service life
E. Complexity
R=AxBxCxDxE
1 - R/Rmax
2
3
2
10
24
2880
0
2
1
2
7
12
336
.8833
2
1
1
3
1
6
.9979
2
1
1
7
23
322
.8881
2
1
1
7
22
308
. 893C
.6992
Figure 43. Concept 2. Electrically Activated Pressure Operated Purge,
Pressure and Repressurization Control System Evaluation
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Component Ntunber
Max. Syst
Evaluation Criteria Allow- 9) ) ) 1 || Rating
-, .able _ I
1. Weight i I
A. Fluid system components 1.4 0. 08 0. 02 2.50 0. 20 1 00 1. 00
B. Electrical inputs 5 0 0 5 0 0 0 i 16.2
Total 6. 4 0. 08 1 0.02 7.50 0. 20 1.00 1.00 1
2. Cost 
A, Failure affect 3 2 2 2 2 2 2 22 
B. Availability 4 2 2 1 3 I 3 3
C. Producibility 4 3 2 1 3 I 3 3
D. Maintainability 3 1 1 1 1 1 1 1
E. Maintenance frequency 4 1 1 1 1 1 2 2 1. 0856
F. Qualification testing 4 3 2 1 3 1 4 1*
G. Complexity of operation 3 2 1 I 2 1 2 2
C =Ax B x CxDxExFxG 6912 72 16 2 108 2 288 72
1 - C/Cmax .9896, .9877* .99971 .9844 .9997 .95831 .9 8 96 i
3. Reliability
A. Failure mode 2 2 2 2 2 2 2 I 2
B. Safety 3 1 1 1 I I 1 1
C. Fail Safe 2 2 1 1 1 1 1 1
D. Service life 10 7 5 3 6 5 6 1 6 .6804
E. Complexity 24 15 3 1 17 1 16 16
R=AxBxCxDx E 2880 420 30 6 204 10 192 192
a _ R/Rm x _ .8541 .9895 .9979 .92911 .99651 .93331 .9333
[~~~~~~~~~~~~~~~~~~ I84
* Qualification by similarity to item (15)
Figure 44. Concept 1. Electrically Operated Purge,
Pressure, and Repressurization Control
System Evaluation
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3.6.3 CONCLUSIONS AND RECOMMENDATIONS. The screening analysis matrix
and sensitivity analysis does not conclusively show marked superiority of one concept
over the other as far as weight, cost or reliability are concerned. A complete per-
formance analysis must be performed on each system to determine overall component
design requirements. The complexity of these final requirements plus changes to the
basic concepts as a result of this analysis will ultimately determine the approach
selected for test. It is, therefore, recommended that both concepts be analyzed with
respect to the enclosure, distribution and vent subsystems selected for layout and
test, using the finalized design requirements.
3.7 PURGE ENCLOSURE PROFILE FOR DESIGN TRADE-OFFS AND TEST ARTICLE
OMS tank profiles for the three Orbiter vehicle concepts show several geometrical
shapes using straight tapered cylinders, spherical and elliptical bulkheads, and spheres
(see Figure 45). Sizes vary from 246 cm (97 in) to427 cm (168 in) for the diameters
and 304 cm (120 in) to 1370 cm (540 in) for lengths. Contours in some cases are severe
such as shown in the McDonnell Douglas design which uses small elliptical bulkheads
coupled with canted cylindrical shells. Location of plumbing penetrations is also
diversified between concepts. The McDonnell Douglas design for example incorporates
a penetration ring in the cylindrical portion of the tank shell which accommodates all
penetrations as compared to the Grumman/Boeing and North American Rockwell
concepts which route the lines through the side walls and bulkheads of the tanks.
The North American designs delete the MLI purge system by using vacuum jacketed
tanks. Grumman/Boeing and McDonnell Douglas concepts use purge systems
enveloped with a bag type enclosure.
Support systems for the present OMS tanks are basically low conductive tubular
struts arranged in "V" patterns for reacting inertia loads while compensating for
tank dimensional changes.
Obviously, it is not within the scope of this program to design a MLI purge system for
each of the OMS tank profiles which in turn are not finalized. Even if separate designs
were created and tested for each configuration, the results would be duplicated in many
areas such as fabricability, repairability, unit weight, structural capability, thermal
efficiency, and plumbing penetrations. The more difficult problems pertaining to
purge and vent efficiencies can be effectively scaled from a test model providing the
overall profiles of the model incorporate geometric shapes representative of those
expected for vehicle applications. The existing GD/CA 221 cm (87 in) major
diameter (a/b = 1. 2) ellipsoidal test tank is equipped with a MLI system having the
geometry shown in Figure 46. This configurat ion is adaptable for both the trade-off
studies and the actual test unit due to the following features:
1. The minimum radii of curvature are near those used for the OMS tanks.
For example assuming that 1.38 ellipsoidal bulkheads were used on the
small ends of the McDonnell Douglas LH2 and L02 tanks, the resultant
minimum radii ("knuckle radius") are approximately 48.2 cm (19 in) and
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63.5 cm (25 in) respectively. The GD/CA test tank has a 22.9 cm (9.0 in)
R near the girth and a 71 cm (28 in) R forward of the girth. The profile
for the 211 cm (83 in) diameter bulkhead shown for the McDonnell Douglas
design would practically match the GD/CA test profile at the knuckle radius.
2. The GD/CA test profile has .698 rad (40° ); .1185 rad (60 -4') and .632 rad
(360 -15') conical sections compared to approxirrmately .0872 rad (5° ) and
224. 00 cm
(88.16 in)
*Inside Contour
A = 111.200 cm (43.800 in)
B = 92.700 cm (36.500 in)
Figure 46. GD/CA Test Profile
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.0523 rad (30) used on some of the OMS tanks. A considerable mismatch
in angles exists,however,the tapered sections offer a similarity.
3. The basic 222 cm (87 in) diameter of the GD/CA profile is comparable to
the 246 cm (97 in) and 211 cm (83 in) diameters used on the OMS L0 2
tanks. For the OMS fuel tanks, basic diameters of 284 cm (112 in), 304
cm (120 in) and 427 cm (168 in) are used, therefore purge efficiency results
from the GD/CA profile would probably tend to be on the conservative side
due to more severe curvatures.
4. Both the GD/CA test article and the OMS tanks use low conductive tubular
support struts arranged in "V" patterns which basically show the same
penetration problems relating to the MLI and the bag enclosure.
5. Tooling for the GD/CA profile is existing.
6. The GD/CA configuration can be adapted for a complete internal purge gas
distribution using fairings equipped with purge pins-or a simple gas
injection at one with exhaust at the opposite end. The former arrangement
currently exists. Combinations of the two techniques can also be setup.
3.8 ENCLOSURE PREDESIGNS
Propellant storage vessels are supported from the shuttle craft airframe through a
system of supports for reacting inertial loads while compensating for dimensional
changes between tanks and airframe. These supports must penetrate the multilayer
insulation lay-up on the tanks with minimum heat leaks. Plumbing and electrical
lines are also part of a propellant storage installation which must be accounted for
when considering vehicle application and thermodynamic performance. Since the
purge system enclosure envelopes the MLI, special attention is given to the
penetrations and to the relationships between the conditioning system accessories
and the storage tank components. Enclosure accessories such as valves, gas feed
interfaces or vent duct flanges produce appreciable loads which require the addition
of rigid sections to the enclosure assembly especially if flexible bag types are used.
Installation procedures are also an important aspect. Assuming that the purge
system is installed and checked out prior to placement in the Shuttle, hard points
(in addition to those required for normal support) may be required to facilitate the
installation.
In the subsystem screening analysis, pertinent items such as basic enclosure
structures, vents, enclosure materials, and pressurization systems were evaluated
and candidates selected. The purpose of this section is to use the screening results
and create a series of system designs (using the GD/CA test configuration profile)
having sufficient depth to permit trade-offs and selection of a final configuration.
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3.8.1 DESIGN APPROACHES. The design shown in Figure 47 uses two flexible
enclosure sections (FEP/epoxy pre-preg glass material) attached to a fiberglass
girth ring which in turn is connected to the propellant tank through a system of low
conductive struts. A honeycomb panel attached to the feedline at the forward end
contains the penetration hardware such as purge feed tubes, vent port, vent valve,
rupture disc and electrical fittings.
The enclosure dimensions change when subjected to temperature and pressure
variations. To compensate for this, the forward end of the bag is connected to the
rigid penetration plate through a flexible "omega" type seal and the aft end radially
restrained only with a telescope attachment. Changes across the diameter are absorbed
by allowing the ring sections to warp between the external fittings which are fixed to the
Shuttle structure.
Advantages of the Figure 47 design are:
1. The girth ring provides interfaces for handling and for attaching to the
vehicle without penetrating the flexible section of the enclosure.
2. The flexible sections can be removed or installed independently of the tank
support system.
3. The flexibility of the ring with the floating forward and aft end sections
allows for enclosure and tank dimensional changes.
4. Support penetrations are easily sealed with enclosure wall.
5. The girth ring improves the overall stability of the bag when unpressurized.
Disadvantages are:
1. The continuous girth rings cause weight penalties.
2. The floating forward and aft ends increase overall complexity.
3. Differential movements between the bag and girth ring may cause wrinkling
in the membrane. This may not be a problem depending upon the capability
of the material under repeated buckling modes.
4. Vehicle attachments must provide restraint in all planes including torsional
modes which in turn adds weight to the vehicle structure.
A weight breakdown is shown in Figure 48 which includes basic geometry and material
for each component, surface area, and total unit weight.
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* F. G. Section of Ring Assembly = 12.30 lb
The Al Aly External Beam Type
Fittings (3) Weigh 12.7 lb
Component Weight Component Weight
61 cm 2.93 kg (6.45 lb) 1.8 cm - ~ 11.35 kg (25.0 lb)
C dia F.G. Skins o.204cm F. G.*
- JA F. G. Core 241 cm dia 14cm
.15 c 2. 4 Density = 80 .254 cm
skins cm kg/cu meter
Penetration Panel Girth Ring
61 cm .45 kg (1.0 lb) .318 cm 1.36 kg (3.0 lb)
O.D. - .153 cm (,06 cm) webs Total for 122. 54 cm F. G. Material 310.2cm AlAly
Penetration Panel Ring Support Fittings (12)
61 cm .35 kg (.8 lb) -241 cm - 8.1 kg (18 lb)
O.D. -D . .153 cm (.06 in) F .043L FEP/F. G. Wall
11 3.8 cm F.G. Material 3.1I cm 7
1.9c 124.5cm1.9 c-,
Penetration Panel Ring Aft Bag
61 cm - .45 kg (1.0 lb) .45 kg (1.0 lb)
~~~dia =W~ t F. G. Material2cm F. G. Material
15.2 dia
2. 0 8c m cm .15cm
.15 cm- 
Seal Assembly Aft Guide Collar
61 cm 3.6 kg (8.0 lb) 2.27 kg (5.0 lb)
I.D. 1 2 cm F.G. Material
L ='T "
100 cm_
O.D.
Bag Collar Misc. Fasteners
r 100 cm 9.1 kg (20 lb)
-- r-l 9FEP/F.Gb Wall Total Weight: 40.5 kg (89.3 lb)3,1X 043 FEP/F.G. Wall
.G. r Xcm ga Total Surface Area: 17.85 m2 (192 ft2 )
rin. 15
F.152cm rn Unit Weight: 2.27 kg/m2 (.47 lb/ft)
--2 4 1 cm
Forward Bag
Figure 48. Purge Enclosure Weight
Test Article)
Estimate (Flight Type Design Using I
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A second approach using a flexible enclosure wall is shown in Figure 49. The
assembly consists of a honeycomb penetration panel, forward and aft bag sections
equipped with girth rings, strut seal boots, and an aft telescopic assembly. The
entire bag assembly is supported from the penetration plate and radially restrained
only at the aft end. The support struts penetrate the flexible enclosure wall and
interconnect directly with the vehicle structure which eliminates the need for a girth
ring. Dimensional changes for the bag are therefore accommodated by flexing the
seal boots and allowing axial movements at the aft telescopic support.
Advantages for this design are (1) low weight (due to absence of a girth ring), (2)
overall flexibility, (3) general simplicity, and (4) a direct load path between tank and
vehicle support structure. Disadvantages are (1) the seal boots (which are leakage
sources and maintenance burdens), (2) tendency for the bag to wrinkle between struts,
and (3) possible buckling of the profile at areas adjacent to the separation ring when
unpressurized. The latter feature may require two hoop stiffening rings.
A weight analysis showing basic geometry, gages and materials is outlined in Figure
50. A slight increase in unit weight is shown in event stiffening rings are required
to stabilize the profile for unpressurized conditions.
A third arrangement per Figure 51 uses a sheet metal (aluminum alloy) enclosure.
The assembly consists of a forward penetration cap piece, one bellows, a forward
bulkhead section, a girth ring, an aft bulkhead section, and an aft cap piece. The
bulkheads are welded assemblies using gore sections incorporating chem milled weld
lands. The girth ring provides interfaces for the bulkheads, and support attachments
between tank and vehicle structure.
The forward penetration cap is connected to the tank fill and drain duct with a bellows
for accommodating dimensional changes and tolerances between enclosure and tank.
Assuming a cold tank coupled with a hot enclosure, the spring rate of the bellows
(plus loads from vehicle plumbing) introduces loads into the enclosure skin which
could buckle the membrane. Therefore, a stiffener ring is employed in the conical
section. The aft bulkhead attaches to the girth ring only which divorces dimensional
changes of the enclosure skin from the tank assembly. Changes in diameter are
accounted for by allowing the girth ring and skins to warp between the external supports
similar to that shown in Figure 48.
Advantages of the metal bag approach are (1) small dimensional changes due to pressure
and temperature profile stability when unpressurized and (2) the use of low gages due
to the high strength characteristics. The latter feature also yields competitive weight
values. Disadvantages are (1) the requirement for careful manufacturing procedures,
(2) difficult maintenance once the shell is buckled, (3) numerous parts and (4) a non-
forgiving type structure in event the pressurization system fails (especially if external
pressure is applied).
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Stiffening Rings May be Required
Component Weight Component Weight
4.,5 kg (9.0 lb) .18 kg (1.4 lb)
2cm 5e71cm F. G. Material F. G.
i '§ | 1 l Al ~17.8 cm dia
= . ~
Penetration Panel Aft Fitting Assembly
4.72 kg (10.4 lb) 1.8 kg (4.0 lb)
101.5 cm .0432 cm (.017")
dia FEP/F. G.
98 cm L = L.
Forward Bag Seals and Fasteners
7.3 kg (16.1 lb) .90 kg (2.0 lb)
24a1 cm .0432 cm(,017 in) 2.54 12 ga. F.G.dia 2.54 cm 2 G
S- |4\~~.s,~4 [4cm
150 cm 71 cm dia-
Aft Bag Forward Bag Ring
241 cm 4.32 kg (9.5 lb)
dia e Total
.152cm -- 2. 54 cm F.G. Material Total Weight: 24.6 kg (54.2 lb)
ga - Two required
1.9 cm Total Surface Area: 17.85 m2 (192 ft2)
Bag Girth Angle Ring Unit Weight: 1.38 kg/m2
.82 kg (1.8 lb)
| --' FEP/F. G.
15.2 cm /,071 cm Six Required
* Would increase to .30 if stiffening
rings are required.
Strut Boots
Figure 50. Purge Enclosure Weight Estimate
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A weight estimate is given in Figure 52 showing the basic geometry of major
components, quantities, gages and material.
Case 4 combines the lightweight flexible features of a plastic bag with the adaptability
and maintainability of a semi-rigid metal girth ring.
The tank, girth ring and bag are supported by the primary structure through three
attachment brackets as shown in Detail A of Figure 53. The forward and aft flexible
bag halves are attached to the girth ring as shown in Detail E of Figure 53, and to
tank supported flanges at the forward and aft end. The advantages of this arrangement
are:
1. Girth ring improves the overall stability of the bag when unpressurized.
2. Allows separation of the flexible bag at the mid-section for complete access
to the tank, or complete removal and replacement of the bag with the tank
installed.
3. Allows tank and bag to be completely assembled and checked out prior to
installation.
4. The flexibility of the ring allows rigid attachments to the vehicle structure.
The girth ring will deflect in the areas between attachment brackets as the
material expanded or contracted. The amount of deflection is minimized
by using titanium alloy.
Other features of the girth ring include a convenient penetration point for the vent
outlet and some mounting capability for small lightweight pressurization controls
components.
The disadvantages of this approach are:
1. Added cost to manufacture the girth ring and attachment brackets.
2. Problems of sealing the large diameter seal joint between the bag and the
girth ring.
3. Added weight of the girth ring, tank attachment bracketry and girth seal
ring.
A weight analysis for Case 4 is shown in Figure 54.
The preliminary design characteristics are summarized on Figure 55 chart using
weight, complexity, vehicle adaptability, maintainability, and profile stability as
evaluation criteria. Notes explaining pertinent features are included with each
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* .0254 cm (.010 in) with
.0508 cm (.020 in) Chem
Milled Weld Lands at
Gores and Hoop Areas
Component Weight Component Weight
.18 kg (.40 lb) 244 cm 13.6 kg (30.0 lb)
dia ---. 254 cm
4 I 6.85 cm 14.0Oc .20 cm
! -111.98 cm
''-15.2cm
O.D.
Forward Flange Girth Ring
.38 kg (. 84 lb) - 12 Required
-)4 8. 7.6cm22.8cm F.G. and FEP 12.776cm 36kg3lb)
~~12. ~~~7cm f~Ir IIY -·I 1 14cmP~1.36 kg (3.0 lb)
A-+ _ 3.8cm
Bellows Support Fittings
1.82 kg (4.0 lb) 73.6cm , - 6. 35 kg (14.0 lb)
152 cm 
12 7 cm
L 66om A 244cmm
dia 244cm
Penetration Cap Forward Section
7 a36 cmt-7-. > l cni 1.03 kg (2. 27 lb) 24 6 cm . 6.1 kg (13.5 lb)
6277363 3.18cn - )-
.477cm 109 cm
.152 cm 
4 ' -91.5
Forward Ring Aft Section cm
1.36kg(3.0 lb) ,- 100 .6kg (1.3lb)
.152cm kg(1.3b)
cm\9e 2 .54 cm Aft Cap
193cm_
dia i T 2.27 kg (5.0 lb)
Intermediate Ring _ Fasteners & Seals
.152 cm 2 Required Total Weight: 40.2 kg (88.5 lb)
2.54cm .317cm 5.1 kFor Two Total Surface Area: 17.85 m2 (192 ft2 )
244 cm F Tdia Unit Weight: 2.25 kg/m2 (.462 lb/ft 2)
Girth Flange
Figure 52. Al Aly Purge Enclosure Weight Estimate
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Case 4 Semi-Rigid Titanium Girth Ring
With Flexible Plastic Bag
Component Weight Component Weight
12.7di t 1 Material F.Go 12. 7cm .76cm Material Ti Aly
cm di a J Density 1940 l Weight 3.33 kg
L0,m _ ,,, H kg/m3 (.07 lb/in3 ) (734 lb)
di. .25cm Weight .09 kg 61Total 10 kg
(.2 lb) -cm .(22 lb)
Forward Seal Ring Attachment Bracket (3)
83. 8m -ia Matl FEP/F.G. 7. 76cm Material Ti Aly
[ f _~ ~ .043cn -Mt --.G 77cm
a2 cm(.1411b/ft 2 ) 1[52 (1.47 lb)aDensity 69 kg/m Weigh  .67 kg
Weight 5. 94 kg -'.7cm Total 4.0 kg
'-241 cm di ---Pi (13. 1 lb) (8.8 lb)22.8Forward Bag Half c Strut Attachment Brck
Material Ti Aly _ _] _ .Material FEP/FG
.160 Density 4510 kg/ -254- - Weight 5o 16 kg
cm m3 (.163 lb/in3 ) 107 \dia / _ (11.4 lb)
dia cm 7.6
dia 242cm Wt .068kg(.151b) _.cm I 3 cm
dia ea. Total .136 kg 1dia 33.3.bm .043cm
Girth Wire (2)_ (.3 lb) Aft Bag Half ga
.101Material Ti Aly cm 26c 2 0 Material F. G.
.051 cm 22.8 Weight 575 kg 5 cm cm Weight .50 kg
om (12. 7 lb) _Lk7.6cm (1. 1 lb)(12.7 Ib) hole
24 1cmW_ (6) dia 2cm
la-mL 1 1-2.54 d 2cm
Girth Ring cm Aft Support Housing Y
Material Ti Aly 33cm -t dia Material F.G.
Weight .294 kg | L _ Weight .77 kg21cmMeFdia \ (.65 lb) each 5 cm O 1 (1. 7 lb)
,564cm .0l1cm Total 1.76 kg dia
(3.9 lb) hole(6)
Girth Seal Ring Seg (6) Rupture Diaphragm Assy
Material TFE
Density 2220kg/m3 Fasteners: 1.09 kg (2.4 1b)
l.'llcm °y~O (.08 lb/in3 ) Total Weight: 35.4 kg (78.1 lb)
Z/1.78cm Wt .036kg(. 08 lb) Total Surface Area: 17.9 m2 (193 ft2 )
.025cm Total .22 kg (. 51b) Unit Weight: 1. 98 kg/m2 (.40 lb/ft
Girth Seal Gasket Seg
Figure 54. Purge Enclosure Weight Estimate
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FEP/F.G. Wall, 2.27 kg/m2 19 1 1
Girth Ring and (.47 lb/ft2 ) 1 Penetration 1 Girth Ring Girth Ring Provides Uniform Surface.
Floating Ends. Panel Assy. 9 Support Fittings Interfaces for Handling Penetrations Through Good Good Good 1
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Case 2 Mounts.
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Figure 55. Rationale Summary for Enclosure Predesign Evaluation
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assigned number. The data shown for the weight column is per the weight breakdowns
described earlier for each case. Complexity is computed using the number of basic
parts in each total assembly. Fasteners and the number of parts required to construct
a bulkhead (such as gores) are not included. Vehicle adaptability, maintainability, and
profile stability are not computable quantities and therefore reflect the choice of
numbers based upon the following rationale:
Vehicle Adaptability
Rating Characteristics
1 Simple vehicle support attachments. Requires simple handling fixtures.
MLI can be inspected without complete removal of assembly. Enclosure
unaffected by plumbing loads.
2 Simple vehicle attachments. Special handling provisions required. MLI
can be inspected without removal but with some difficulty. Enclosure
unaffected by plumbing loads.
3 MLI cannot be inspected without removal of assembly or special clearance
provisions. Special handling required. Plumbing loads affect enclosure.
4 Vehicle supports require special features plus adjustments. Enclosure
effected by plumbing loads. MLI cannot be inspected without removal of
assembly.
5 Vehicle supports complex and very sensitive to adjustments. Special
handling required. Enclosure grossly affected by vehicle plumbing. MLI
cannot be inspected without removing assembly.
Maintainability
Rating Characteristics
1 Uniform surface free of penetrations. Easily repaired by portable patching.
Material is tolerable to abuses and variations in procedures.
2 Surface generally uniform but has some simple penetrations. Repairable
by patching but with some difficulty. Fairly tolerable to general abuse
and variations in procedures.
3 Surface interrupted with major penetrations. Repairing can be difficult at
penetration areas. Assembly somewhat sensitive to abuse and procedure
variations.
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4 Several surface protrusions and penetrations. Difficult repairing at
penetration zones. Assembly sensitive to abuse and procedures.
5 Surface protrusions and penetrations numerous and scattered. Repairing
very difficult. Assembly sensitive to procedures and abuse. MLI could
be damaged during repairs.
Profile Stability
Rating Characteristics
1 Stable when unpressurized. Good resistance to local packaging.
Recoverable when repressurized.
2 Partially stable when unpressurized. Recoverable when repressurized.
Fair resistance to local buckling.
3 Generally unstable when unpressurized. Recoverable when repressurized.
Fair resistance to local buckling.
4 Generally unstable when unpressurized. Partially recoverable when
pressurized. Fair resistance to local buckling.
5 Stable when unpressurized. Not recoverable when pressurized. Fair
resistance to local buckling.
3.8.2 DESIGN SELECTION. An analysis was made of the four purge and repressuri-
zation system predesigns to select the best approach for the test article design and
fabrication. The unit weight was established for each configuration and the compelxity
assessed by establishing the number of basic parts in each design. Subjective
evaluation was also made for vehicle adaptability, and maintainability of each design
and the stability of the profile under shuttle structural loading. The results of the
analysis are summarized on Figure 55.
Due to major problems evidenced in the maintainability, profile stability and vehicle
adaptability areas, the aluminum alloy bag design (Case 3) was eliminated from
consideration.
Case 4 is similar to Case 1 except a titanium girth ring is used to minimize warpage
during dimensional changes coupled with a higher degree of stiffness which in turn
aides handling. Pressurization equipment and the vent interface is mounted on the
girth ring in Case 4, however these locations can also be applied to Case 1. Special
provisions for sealing the bag sections with the girth ring are required in Case 4 due
to the differences between the coefficient of linear expansion of the two materials
which may create a problem. Due to the above, Casel was favored over Case 4.
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Cases 1 and 2 are both applicable to various shuttle OMS tankage configurations.
The basic design philosophy differs on the two approaches, however. Case 1
incorporates a girth ring for reacting the tankage loads and providing a stiffened
surface for ease of tankage handling. The Case 2 design uses a minimum weight
philosophy and carries the tankage loads through the purge bag by means of low
conductive tubular struts. Both configurations utilize the FEP/epoxy fiberglass
wall construction. On the basis of the predesign layouts developed during Task
2 of the study, it was not possible to establish a best design approach for testing.
Configurations 1 and 2 will therefore be carried into the detailed design layout
stage of Task 4. The system weight analysis for the two remaining configurations
will refine during the design activity. A detailed review will be made of the
stiffening necessary for effective handling and to prevent bag buckling. In Task
4, the designs will be evaluated in more depth and a trade analysis made to
determine the optimum configuration for selection as the test article. This
evaluation is scheduled for completion during the middle of December.
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4COMPONENT AND MATERIALS EVALUATION (TASK 3)
A preliminary survey of potential purge bag materials resulted in the selection of
FEP/Glass and FEP/Nylon laminates as likely candidates. However, data on
mechanical properties for these two materials at elevated temperature (4500 K) was
not available. Tensile tests were therefore conducted on FEP/181 Glass and FEP/
Nylon to establish mechanical properties which could be used for evaluation and
preliminary design. These tests were the first of the Task 3 experiments to be
conducted.
4.1 TEST SPECIMENS
Tests were run on .0448 cm (.017 in) FEP. 181 Glass, .0185 cm (.007 in) FEP/181
Glass and .0483 cm (.019 in) FEP/Nylon. Six 2.5 cm (1 in) specimens were cut from
a sample layup of each material with three specimens cut parallel to the warp
direction and three specimens cut 1.57 rad (900) to the warp direction. It was
necessary to cut specimens from both directions since mechanical properties
typically vary with direction of loading.
4.2 TEST SEQUENCE
Specimens were installed in a Conrad/Missimer Temperature Chamber, heated to 4500 K,
and loaded in tension with an Instron Universal Testing Machine, while temperature was
maintained at 4500 K in the chamber. A three inch grip span was used for the specimens.
Load and head deflection were continuously recorded on a strip chart attached to the
testing machine. Specimens were tested to failure.
4.3 TEST RESULTS
Figures 56 and 57 show typical load-deflection curves recorded for the FEP/181 Glass
and FEP/Nylon respectively. Test results and mechanical properties are summarized
in Table 2. As expected, ultimate strength was consistently higher when the material
was loaded in the warp directions. The maximum difference in ultimate tensile
strength (Ftu) between the two loading directions (approximately 32%) was measured
for the .0185 cm (.007 in) FEP/181 Glass. The minimum difference (approximately
5%) was measured for the .0483 cm (. 019 in) FEP/Nylon.
The ultimate strength of FEP/Nylon is approximately one-half the strength of the
FEP/181 Glass and the modulus of elasticity (E) for FEP/181 Glass is approximately
30 times that for FEP/Nylon.
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GRIP SPAN = 7.62 cm (3.0 in)
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1
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Figure 56. Load/Deflection Curves
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Figure 57. Load/Deflection Curves
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Table 2. Results of Purge Bag Wall Material Structural Tests
Ultimate Load
Material
0432 cm (. 017 in)
gage FEP/181 glass
.0178 cm (. 007 in)
gage FEP/181 glass
.0502 cm (. 019 in)
gage FEP/Nylon
Specimen Direction
I 1.57 rad (90 ° )
2 1.57 rad (900)
3 1.57 rad (900)
avg
4 PW
5 PW
6 PW
avg
1 PW
2 PW
3 PW
avg
4 1. 57 rad (900)
5 1. 57 rad (900)
6 1. 57 rad 900 )
avg
2
3
avg
4
5
avg
1. 57 r
1.57 r
1.57 r
PW
PW
PW
rad (90° )
rad (900)
rad (900)
kN
1. 253
1.258
1. 196
1.236
1. 539
1. 570
1. 236
1.448
0. 591
0. 120
0. 658
0. 624
0. 565
0.444
0. 440
0.483
0.694
0.635
0.645
0.658
0. 538
0. 635
0.653
0. 608
(lb)
(282)
(283)
(269)
(278)
(346)
(353)
(273)
(326)
(133)
(27)
(148)
(140)
(127)
(102)
(119)
(156)
(143)
(145)
(121)
(143)
(147)
(137)
Elonga-
tlion, %
2. 0
2. 0
3. 3
3. 1
2.4
2. 9
1.9
2.2
2. 0
2.6
2. 1
2.1 I
2. 2
48.8
42.0
48.0
46.2
30.0
43. 3
52.7
42. 0
Ftu
MN/m2
107. 0
109. 0
103. 0
106. 3
132.6
136. 8
107.1
125. 5
131.0
145. 9
138.4
121. 8
96. 3
95. 1
104.4
52.2
48. 1
49.5
49. 9
42.6
49. 2
51. 2
47. 6
(psi)
(15495)
(15810)
(14944)
(15416)
(19222)
(19831)
(15531)
(18195)
(19000)
(21143
(20072)
(17639)
(13973)
(13803)
(15138)
(7573)
(6976)
(7178)
(7242)
(6173)
(7044)
(7424)
(6880)
GN/m2
4. 94
5.46
5.89
5.43
4.69
4. 96
4.75
4.80
7.48
7.27
7. 38
5.40
5. 51
5.70
5.54
.188
. 208
. 200
.198
.152
.148
. 142
, 147
(105 psi81
(7. 17)
(7. 92)
(8. 54)
(7.87)
(6. 80)
(7.20)
(6. 90)
(6. 97)
(10. 85)
(lo. 55)
(10. 70)
(7.84)
(8. 00)
(8.27)
(8. 04)
(. 274)
(. 303)
(.291)
(. 289)
(. 221)
(. 215)
L 20o(. 214)
Comments
Grip slipped
Grip slipped
Material tore at grip
Specimens were 2. 54 cm (1 inch) wide x 7.62 cm (3 inch) gage length
Test temperature = 450°K (3500 F)
I'W . parallel to warp
4.4 CONCLUSIONS AND RECOMMENDATIONS
1. The FEP/181 Glass has excellent tensile and stiffness properties at 4500K.
2. The .0185 cm (.007 in) gage FEP/181 Glass has very low tear strength as
demonstrated by the premature failure of one specimen. Other .0185 cm
gage specimens were easily torn by hand.
3. The FEP/Nylon has low strength and stiffness when compared to the FEP/181
Glass material.
4. Minimum gage for the FEP/181 Glass laminate should be approximately
.0448 cm (.017 in) to minimize problems with tearing.
5. Since the structural tests were run on only a few specimens cut from one
sample layup from each material, the average ultimate strength values
shown are typical values and should not be used for design purposes.
6. For preliminary sizing of the purge bag it is recommended that the following
ultimate tensile strengths be used.
Ftu
Material MN/m2 (psi)
FEP/181 Glass 69.0 (10,000)
FEP/Nylon 31.0 (4,500)
These values are approximately 2/3 of the minimum average measured ultimate tensile
strengths.
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INTRODUCTION
1.1 PURPOSE
The purpose of this document is to compile the criteria for the design, development
and test of a purge and repressurization system for the reusable insulation. This is
the controlling document for the final technical requirements and ground rules. The
contents were jointly agreed to and approved by NASA/MSFC and GDCA pursuant to
the design and development task of contract NAS8-27419, Control Number DCN 1-1-
50-13653 (1F).
1.2 SCOPE
This document is a collection of a design requirements, ground rules and assump-
tions identified or directed by NASA/MSFC during the proposal phase and initial
contract transactions with GDCA. It also includes the rational for or identifies the
source of requirements not previously defined. All technical requirements necessary
to support the design concept development and preliminary test plan development
are included herein.
1.3 DEFINITIONS
The terms applied throughout the discussion of the pressure and repressurization
purge system are defined as follows:
1. Blanket Purge
2. Tight Bag
3. Bag
4. Pre-Tanking Purge
A flow of dry gas into the MLI enclosure which
results in at least sufficient enclosure pressure to
to prevent ambient air and water vapor from
entering the enclosure.
An MLI enclosure which is not vented during
repressurization cycle.
The external skin of an MLI purge enclosure.
The operation by which one gaseous element is
displaced from the MLI and enclosure by another
gaseous element to a sufficiently low concentra-
tion to preclude liquification during propellant
tanking.
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5. Tanking Purge
6. Preconditioning Cycle
7. Drying Purge
8. Standby Purge
The flow of dry gas through the MLI enclosure which
maintains internal pressure greater than ambient
gas from entering the enclosure during propellant
tanking.
The process of flowing hot nitrogen gas through the
MLI system to reduce the sorbed water content.
The water shall be reduced to a level that the out-
gassing will not force the interstitial pressure above
10- 5 torr during orbital operations.
A preconditioning cycle.
A blanket purge which will maintain the pre-tanking
purge quality for some time interval prior to
tanking.
1.4 ABBREVIATIONS
GN2
GHe
OMS
MLI
RF
Gaseous Nitrogen
Gaseous Helium
Orbit Maneuvering System
Multilayer Insulation
Radio Frequency
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2GROUND RULES
2.1 GENERAL SYSTEM GROUND RULES
1. Ground Support Equipment (GSE) requirements and concepts will be defined
by this study. Test fixtures and test facility hardware will be used to accom-
plish ground handling and ground purge and pressurization operations for the
test system. (A-I)*
2. A nitrogen pressurizing blanket purge will be supplied to the MLI enclosure
when the system is not being purged or pressurized for flight securing, main-
tenance checkout or pre-launch. (A-2)
3. All pressurizing and purging gas shall conform to the permissible contamina-
tion limits described in Reference A-3. (A-1)
4. The MLI system shall be goldized Kapton. (A-i)
5. Tank structural attachments with respect to the flight mounting configuration
shall not be defined. (A-2)
2.2 GROUND OPERATIONS GROUND RULES
1. It is not necessary to limit the boiloff rate of residual propellants during the
period from touchdown to completion of residual propellant draining. (A-i)
2. A dry nitrogen gas purge will be connected to the vehicle to thermally con-
dition the space surrounding the MLI enclosure during tank safing periods.
Gas will be at ambient temperature. (A-4)(A-5)
3. The purge system will not include provisions for detection of propellant
tank leaks. (A-1)
4. Venting of the MLI enclosure will not be initiated until liftoff. (A-1)
5. The system ground gas supply will remain connected until liftoff. (A-4)(A-6)
* Numbers in parenthesis indicated references at end of report.
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2.3 FLIGHT OPERATIONS GROUND RULES
1. The enclosure vent will remain open during orbital maneuvers. (A-l)
2. No functional tests of the repressurization system will be required prior to
entry preparations. (A-l)
3. Repressurization system components may be thermally protected to withstand
the environmental temperature requirements. (A-l)
4. Atmospheric air will surround the MLI enclosure during entry and landing
and ferry missions. (A-4)(A-5)
5. There is no limit for boiloff rate during entry descent and landing. (A-l)
6. The repressurization system is a self contained pneumatic circuit. No
external sources of gas will be considered for the purposes of this study system.
Electrical power requirements will be defined.
2.4 SYSTEM TEST GROUND RULES
1. The test configuration shall be installed on the present GDCA LH2 test tank
described in report GDC-ERR-1332. (A-l)
2. The MLI test configuration shall have geometry identical to that used for the
present GDCA MLI described in report GDC-ERR-1332. (A-l)
3. The present MLI Schjeldahl #X850 blanket face sheets of the GDCA test configura-
tion will be replaced with the Pyre-M. L. Beta glass face sheets developed under
contract NAS8-26129 (GDC 584-4-568). (A-l)
4. The "Lexan" insulation twin pin fasteners used on the present GDCA test
configuration will be replaced with new PPO fasteners developed under
contract NAS8-26129 (GDC 584-4-568). (A-l)
5. No tests will be performed to simulate zero-g environment for system'
evaluation testing. (A-l)
6. Flight qualified electric/electronic components (relays, transducers, etc.) for
sequencing or monitoring system functions are not required for system tests.
Only those elements which are built into the repressurization system components
(limit switches, coils, pressure switches, etc.) must be flight qualified as a
part of the unit in which they are installed. (A-l)
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7. The airborne gas storage subsystem requirements and design criteria will be
developed by this study. A test facility gas storage container will be used
for the repressurization sequence of the test system. A flight rated gas
storage container will not be procured for the test system. (A-l)
8. System level vibration, acceleration and shock load tests will not be
performed. (A-l)
9. Rise-off disconnects will not be included as a part of the system test
configuration. (A-l)
2.5 COMPONENT TEST GROUND RULES
1. No tests will be performed to simulate zero-g environment for component
qualification. (A-l)
2. Repressurization system components will not be subjected to formal qualifi-
cation testing. Evaluation tests to demonstrate the capability of each component
to meet flight qualification requirements will be performed if it is determined
that:
a. The component has never been qualified.
b. The component was qualified to less stringent requirements.
c. The component qualification history shows that it was not tested for
all of our requirements. (A-l)
3. If a component qualification history shows that it has successfully been tested
for a particular requirement, that test will not be repeated. (A-l)
A-13
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3
DESIGN REQUIREMENTS
3.1 GENERAL SYSTEM REQUIREMENTS
1. The flight system shall be capable of supporting a Space Shuttle operational
sequence described in Section 5, Figures A10 through A19. The time spans
selected represent worst case indicated by Shuttle Phase B reports, unless
otherwise noted. (A-7)(A-8)
2. The MLI enclosure shall not collapse during any of the normal phases of
operation. The enclosure may be allowed to collapse due to its own weight
if the depressurization becomes necessary for repair purposes. (A-1)(A-9)
3. Ambient moisture and air shall not enter the MLI enclosure during any normal
phase of operation except when enclosure must be opened to the atmosphere
for repair. (A-1)(A-9)
4. The flight system shall be designed for a combined storage and operational
service life of 10 years and 100 shuttle flights with minimum refurbishment.
(A-4)(A-5)(A-6)(A-10)(A-11)
5. The flight system shall be designed to withstand local temperature environments
of 200°K to 450°K (-100°F to 350°F) for a duration of 15 minutes per cycle. (A-4)
(A-5) (A-6) (A-9)(A-10)(A-11)
6. The system shall be capable of supporting launch within 48 hours after notification.
(A-4)(A-5)(A-6)(A-10)(A-11)
7. All system components shall be capable of being checked out while installed
or removed from the system. (A-4)(A-6)
8. The design shall provide for the ducting of purge and vent gases overboard. (A-2)
9. A bag pressure relieving device shall be provided to prevent yi elding of the bag
material in the event that a malfunction results in overpressurization. (A-2)
10. The insulation system and the enclosure shall be capable of withstanding a
continuous pretanking insulation drying gas purge with a gas temperature of
381 ± 140 K (225 ± 25°F). (A-9)
11. Acoustic pressure levels shall be per Figures Al and A2. (A-9)
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12. Pressure differential across the gas containment enclosure shall be such
that no purge bag structural degradation occurs and no MLI thermal de-
gradation occurs. Applies to both ascent and re-entry. (A-9)
13. Mission duration from lift-off to landing of at least seven (7) days shall be
provided. (A-4)(A-5)(A-6) (A-10) (A-11)
14. No structural degradation of the insulation: material which could affect the
overall system thermal performance shall occur due to insulation deflections.
(A-9)
3.2 GROUND OPERATIONS REQUIREMENTS
1. The MLI purge and repressurization system shall be capable of preventing ice
formation on the external surfaces of the enclosure or any of the system
components, during prelaunch operation with a GN2 surrounding environment
at a 222°K (-60°F) dew point).
2. The boiloff rate during tanked ground conditions shall not exceed TBD% of
propellant weight per hour as a result of pressurization of the MLI enclosure.
3. Pretanking purge shall reduce the quantity of condensing gaseous elements inside
the MLI enclosure to less than TBD% by volume.
4. Purge system design concepts shall include disconnects for interfacing with
ground support equipment. (A-l)
3.3 FLIGHT OPERATIONS REQUIREMENTS
3.3.1 Ascent Flight and Orbital Maneuvers
1. The venting rate for the MLI enclosure shall be designed to prevent back
diffusion of atmospheric gas into the bag or bag collapse. (A-1)(A-9)
2. The system shall be capable of safely repressurizing after launch in the event
of an early intact abort. (A-5)(A-10)
3. The system shall be designed such that failure of a system component does not
precipitate mission termination. (A-l)
4. The insulation is to attain 10 - 4 torr pressure within one hour after launch assuming
that the venting shall be accomplished in an environmental pressure no greater than
10 - 5 torr. (A-9)
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5. Vehicle pressure histories during ascent shall be per Figures A3. (A-9)
6. Acceleration loading history shall be per Figure A4. (A-9)
7. The repressurization gas storage system shall be completely isolated from
the MLI enclosure to prevent gas leakage from entering the enclosure. (A-l)
3.3.2 Entry Flight
1. Pressure histories during re-entry shall be per Figure A5. (A-9)
2. Acceleration loading during re-entry shall be per Figure A6. (A-9)
3. The insulation is to be repressurized such that no thermal or structural
effects occur. The repressurization profile limits will be per Figure A5. (A-9)
4. Ambient temperature and relative humidity histories shall be per Figures A7
and A8, respectively.
5. Radiant heat flux history shall be per Figure A9.
6. Propellant residual during entry shall be TBD% maximum.
3.3.3 Landing
1. A moderate rate of descent and climb, TBD m/sec (TBD ft/sec) maximum,
will be employed for landing and go around, from and to a maximum altitude
of 7,900 m (26,000 ft). (Al)
2. Propellant residual shall be TBD% maximum during post orbital landing. (A 41)
3.3.4 Ferry Mission
1. The system shall be capable of ferry flights between airports with the
following conditions:
a. Flights restructed to daylight VFR non-icing conditions. (A-7)(A-8)
b. The flight will be a moderate climb to a cruise altitude of 7, 900 m
(26, 000 ft) maximum. (A-7)
c. OMS tanks will be empty.( (A-7)(A-8)
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FigureA5. Pressure History During Re-entry for Both LH2 ,nd LO2 .Tanls
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Figure A6. Acceleration Loading History During
Re-entry
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Figure A7. Entry Ambient Temperature History - Both Tanks
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Figure A8. Ambient Humidity History for Entry and Landing -
Both Tanks
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Figure A9. Radiant Heat Flux History During Entry and Landing -
Both Tanks
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4TEST REQUIREMENTS
4.1 SYSTEM TEST REQUIREMENTS
The details of the system test requirements will be established during the design phase
of the program and will be included with the overall system test objectives in an updated
version of this requirements document.
4.2 COMPONENT TEST REQUIREMENTS
The detailed component test requirements will be determined at the completion of the
predesign phase of the study when a configuration has been selected for detailed design.
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OPERATIONAL CONCEPT
Figures A10 through A19 show the complete chronological sequence of purge and re-
pressurization operations which would be performed on an actual orbiter vehicle.
The purpose of developing this concept is to show the feasibility of operating such a
system as well as to provide time constraints and limits to be achieved by the design.
The operational concept will be used as a guideline for the development of system
design concepts and test requirements. The information was extracted from
References A-7 and A-8 unless otherwise noted. Where no information was avail-
able, assumptions have been made as to allowable time spans. The sequence and
time spans were selected to represent the worst case conditions anticipated.
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MLI Enclosure Purge of Pressurization Operations
Description of Vehicle Hours
Operation in Sequence 1 2 3 4 15 6 7 8 9 101 1213|14|1516 7 18912021
1. Touchdown
2. Rollout, Taxi and Secure at Safing Area
3. Crew and Data Removal
4. Position Maintenance Stands
5. TPS Cooldown Start
6. Attach Drain Vent and Purges
7. Drain Residual Propellants
8. Purge Propellant Tanks
9. Remove Vent, Purge and Drain Lines
10. TPS Cooldown Complete
11. Remove Platforms
12. Tow Vehicle to Hangar
13. Position Vehicle and Stands
1H
I I I I I -I
Flight System on Internal Supply and Control
Ir 
i i 
Connect Ground Gas Suppl:
Continue Ground Supply
9Hrs 
I I .I I I I I I 
Y
Establish Blanket Purge Conf.
With Portable Supply
Blanket Purge I I
4 rs Connect Blanket
Purge to Facility
Supply
I I
- Continue
Blanket
Purge
i I
Figure A10. Post Landing Safing and Securing
I0
I I I I I .I. . . . . .L_
MLI Enclosure Purge or Pressurization Operations
Description of Vehicle Operations . . 8 Hour Shifts
in Sequence 1 2 3 4 5 6 7 8 9 10 11
1.. Remove Cargo a
2. Perform Inspection o Visual Inspection
Gas Sampling (Dew Point of Enclosure Gas)
3. Preventive Maintenance Scheduled Maintenance (Calibration, Adjustments, etc.)
o Leak Tests (Enclosure & Repressurization System)
Zc Component Functional Checks |
4. Corrective Maintenance , Repair or Replacement of Component
(If Required) Repair of MLI or Enclosure System
MLI Hot Gas Drying Cycle
5. System Post Maintenance Checkout * Final Leak Tests
(If Required) c Functional Tests
Maintain Blanket
Purge Except for Changeovers Required
for Maintenance
6. Perform Storage or Start I Continue Blanket
Prelaunch Operations Purge
. I .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Figure All. Hangar Operations
I
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MLI Enclosure Purge or Pressurization Operations
Description of Vehicle Operations 8 Hour Shifts
in Sequence 1 2 3 4 5 6 7 8 9 10 11
.,
1. Perform Premate Checkout
A. Energize Systems
B. Perform Checkout
C. Analyze Checkout Data
2. Perform Vehicle Erection and Assy.
A. Prepare Orbiter for Mating
(1) Load Storables
(2) Position in Mating Bay
(3) Prepare for Hoisting
(4) Hoist and Mate to Booster
B. Verify Orbiter to Launcher
Interfaces
3. Prepare for Move to Launch Pad
Transfer Blanket I
Portable Supply
Transfer Blanket :
Supply I
?urge to
Mainl
?urge to Launcher
ain Blanket Purge
I I
Continue Blanket Purge
Figure A12 Prelaunch Operations
CIwl
MLI Enclosure Purge or Pressurization Operations
Description of Vehicle Operations Hours Minus Count
in Sequence Q In I I A 11 1 ' 
1. Transport Shuttle on Launcher
2. Emplace Launcher on Pad
3. Connect Launcher/Pad Interfaces
4. Conduct Launch Readiness Checkout
5. Attain Standby Status
a. Place Flight Systems in
Standby
b. Stow Hazardous Cargo
c. Activate Flight Systems
d. Precondition LH2 Tanks
6. Perform Launch Operations
a. Propellant Loading
b. Crew Ingress
c. Terminal Count
d. Auto Sequence
7. Liftoff
Maintain Blanket Purg
Start and Maintain Charging of Flight Gas
Storage System
2-Establish and Maintain Pretanking Purge Condition
STANDBY STATUS HOLD TIME: 3 Hrs Max. *
I I I I I I I I I I I I
Start and Maintain Ground Supplied Tanking Purge
LAUNCH HOLD TIME: 3 Hrs Max.*
I I I I I I 
Separate From Gound Purge and Charge Supply DisconnectE
VENT MLI ENCLOSURE
4 -;3 -Z -1 oI I I I i
A.- A - .5, - .5,-'
-1/2 Hrs
2-3/4 E
* Assumed
Figure A13. Launch Operations
oc
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MLI Enclosure or Pressurization Operations
Description of Vehicle Operations Hours From Abort
in Sequence 1 2 3 4 5 6 7 8 9 10 11
Maintain Tanking Purge
1. Detank Orbiter Propellants
2. Safe Critical Systems
3. Return to Standby Status Maintain Standby Purge Condition Continue Until Launch
Operations Resume
or 0 or
4. Discontinue Launch Operations Establish Blanket Purge Configuration ~ Continue Indefinitely
I I I I I I I I
Figure A14. Orbiter Pad Abort
:L
MLI Enclosure Purge or Pressurization Operations
Description of Vehicle Operations Seconds From Launch
in Sequence T + 0 100 200 300 400
1. Mated Ascent All Purge Off 1. Mated Ascent MLI System Evacuates
2. Staging By Venting Enclosure
3. Achieve Initial Earth Orbit
4. Perform Mission Operations I - Maintain MLI System Evacuated
Figure A15. Ascent Flight and Orbit
C.
MLI Enclosure Purge or Pressurization Operations
Minutes From Touchdown*Description of Vehicle Operations Minutes From Touchdown*in I Sequence -40 -35 -30 -25 -20 -15 -10 -5 0
in Sequence -40 -35 -30 -25 -20 -15 -10 -5 0
I ~ I I I I I II 
1. Early Booster Separation or
Orbiter Ascent Abort
2. Perform Orbital Entry
Maneuver
3. Dump Prop Rocket Propellants
4. Perform Final Approach
5. Perform Landing
* Timespan Assumed
I I I I I IClose MLI Enclosure Vent and Activate
I I I I I I
Internal Repressurization System
Maintains and Controls MLI Enclosure Pressure
Figure A16. Mated Abort or Orbiter Ascent Abort
I I I
Repressurization System
I I I
I
co
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MLI Enclosure Purge or Pressurization Operations
Description of Vehicle Operations Minutes After Start of Entry
in Sequence -I I Iin Sequence -30 -20 -10 0 10 20 30 40 50 60 70
1. Configuration Orbiter for Deorbit Close Enclosure Vent
Activate Repressurization System2. Perform Retro Maneuver
3. Perform Orbiter Entry and Descent
Maneuver
4. Cross Range Cruise
Repressurize MLI Enclosure
I I
Internal Pressurization
Continued
Figure A17. Deorbit, Entry and Descent Maneuvers
C!I
-zi
Description of Vehicle Operations
in Sequence
1. Establish Landing Configuration
2.' Establish Landing Velocity and
Attitude
3. Perform Landing
or
Perform Go-Around
MLI Enclosure Purge or Pressurization Operations
Minutes From Touchdown*
' I ' I I I I I I - J I I I 
-15-14-13-12-11-10 -9 -8 -7 -6 -5 -4-3 -2 -1 0
- - -
-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Internal Repressurization System
Maintains and Controls MLI Enclosure Pressure
(Add 5 Minutes for Go-ArouII(Add 5 Minutes for Go-Around)*
Internal
Pressurization
Continued
* Time Span Assumed
Figure A18. Final Approach and Landing
!l
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MLI Enclosure Purge or Pressurization Operations
Description of Vehicle Operations Hours
in Sequence 1 2 3 4 5 6 7 8 9 10 11
1. Perform Pre-Ferry Servicing and
Checkout
A. Servicing Internal System Active to Maintain and Control MLI
Enclosure PressureB. Conduct Preflight Checklist
C. Start ABES
D. Switch to Internal Power
E. Remove Service Lines - Disconnect Charge Line for Flight Gas Storage System
2. Taxi
3. Prepare for Take Off
4. Takeoff And Climb-Out to Cruise Internal Pressurization System Maintains
and Controls MLI Enclosure Pressure5. Maintain Powered Flight Profile
6. Perform Landing Approach
7. Perform Landing
8. Perform Post Flight Safing > Connect Charge Line For Flight Gas Storage Syste
and Servicing I I I IMaintain Internal Pressurization System
Active Until Ferry Operation Complete
I__ __ _I I t I I I
Figure A19. Ferry Mission
I
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